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ABSTRACT.
This th e s is  is  p resen ted  in  th ree  se c tio n s .
S ection  I  d e a ls  w ith the  syn thesis of sp iro -hydrocarbons.
The two compounds s p i r o (5:2)Qotane and s p iro (4;2)heptana 
were prepared ; the l a t t e r  compound has not prev iously  been 
d esc rib ed . I t  was not found possib le  to  syn thesise  a s e r ie s  
of s p iro -oonqpounds co n ta in in g  varying numbers of cyolobutane 
r in g s , because of the  f a i lu r e  to  is o la te  pure in term ediate  
p ro d u cts .
Section  I I  describes the form ation of o-xylene through 
4 :5-dim ethylenecyolohexene. The scheme to  prepare th i s  
cyclohexene involved the Hofmann degradation  of the quaternary  
ammonium hydroxide derived  from c is - 4 ;5 - b i s (dimethylamino- 
m ethyl)cyclohexene dim eth iodide. 4:5-Dimethyleneoyclohexene 
was not is o la te d , but a sample of £-xylene was obtained 
which was id e n tif ie d  by the p rep a ra tio n  of i t s  sulphonamide.
S ection  I I I  is  subdivided in to  th ree  p a r t s .
P a rt 1 d e a ls  with the study  of the anomalous reductions 
of 2:2*-d iace ty ld ip h en y l under d if fe re n t  co n d itio n s. The 
red u c tio n s were c a r r ie d  out in  an attem pt to  devise a scheme 
fo r  the p rep a ra tio n  of 2 :2*-d ia lk y ld ip h en y ls . The Clemmensen 
red u c tio n  y ie ld ed  10-dim ethyIphenanthrene; the products
is o la te d  from the Huang Minion red u c tio n  on the  same 
diketone were an u n sa tu ra ted  hydrocarbon and
9 :10-dime thy  Iphenanthrene. The course of t h i s  re a c tio n  
i s  s tu d ie d  in  d e ta i l .
No pure oompounds were is o la te d  from the product of the 
Meerwein-Ponndorf-Verley re a c t io n , but the red u c tio n  with 
lith ium  aluminium hydride gave the expected carb inol*
P a rt 2 i s  devoted to  the condensation re a c tio n s  of 2 :2’ -  
b i s ( bromomethyl)diphepyl w ith  1: 1: 2 : 2-te tracarbe thoxye thane , 
1 : 1; ) :)-te traoarbe thoxyp ropane , and d ie th y l methyImalonate. 
The re a c tio n  w ith  l : l :) :) - te tra c a rb e th o x y p ro p a n e  and the 
dibromide produced a compound which was not id e n t i f ie d ,  but 
p o ss ib le  s t ru c tu re s  are proposed. The condensation rea c tio n  
with d ie th y l mathylmalonate gave the expected product, which 
led  to  th e  p re p a ra tio n  of sev e ra l new compounds.
P a rt 5 d e sc rib es  severa l methods of p rep a ra tio n  of 2 :2 ’-  , r 
diphenyl d ia c e t ic  ac id , which i s  considered to  be a su ita b le  
s ta r t in g  compound in  the sy n th eses  of some large-membered 
r in g  compounds of diphenyl*
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S ection  I
The etyntheses o f  sp iro -hydrocarbonB.
In tro d u c tio n .
Qyolohexane was the f i r s t  member in  the s e r ie s  o f a l ic y c l ic  
compounds to  be prepared and s tu d ied . As re c e n tly  as 1880, i t  was 
g en era lly  accepted th a t  only r in g s  con ta in ing  s ix  carbon atoms 
e x is te d  (V. Meyer, Annalen., 1876, 180, 192), and a l l  a ttem pts to  
syn thesise  sm a lle r  r in g s  had been f r u i t l e s s .  In  the  early  1880*s ,
W.H. Perk in  began h is  c la s s ic a l  in v e s tig a tio n s  which changed the ideas 
of many eminent contemporary chem ists on r in g  compounds, and la id  the 
foundations of modem a l ic y c l ic  chem istry (P ed le r Lecture, £ . , 1929,
1)47)# The f i r s t  a l ic y c l ic  compound to  be p repared  by Perkin  was 
cyclobutane Iz l-d ic a rb o x y lic  a c id  (B er., 1885, 179))* and a l i t t l e
l a t e r  th re e -  and five-membered systems were obtained . Cyolo-butane and 
oyclopro p a n e - l ;5-d iG arboxylic  acid had been p rev iously  prepared bu t not 
recognised  (Markovnikov and Krestnovnikov, Annalen., 1881, 206, 555;
Freund, M onatsh., 1882, 626) .
The ex is ten ce  of th re e -  and four-membered rin g s c a lle d  fo r  a 
re v is io n  in  ideas on the s te reochem istiy  o f  the carbon atom, and an 
exp lana tion  was req u ired  fo r  the  v a r ia t io n s  in  the  s t a b i l i ty  of the d i f f e r ­
en t r in g  system s.
A. von Baeyer (B e r., 188), 18^ 2277; I 89O, 2^, 1275), introduced 
the S tra in  Tteory (Spannungtheorie) which employed the Le B e l-v a n 't 
Hoff te t r a h e d ra l  model of th e  carbon v a le n c ie s  (1874), and p o stu la ted  
th a t  the carbon atoms in  any a lic y c l ic  r in g  were u n ip lan a r. This made
-  2 -
i t  necessary  fa t  the bond angles to  be capable of a l te r a t io n ,  thus 
s e t t in g  up a co n d itio n  of s t r a in  in  the  r in g . Baeyer c a lc u la te d  the 
s t r a in  and emsumed th a t  i t  was a  rough me asure of the in s ta b i l i ty  of 
the  v a rio u s  r in g s , but had few f a c ts  w ith  which to  t e s t  t h i s  hypo­
th e s is  s in ce  the  hydrocarbons cyolobutane and ^ d o p e n tane had not 
then  been sy^n theslsed .
Number of ca rto n  3 4 )  6
atoms in  r in g .
C alcu la ted  d e f le c t io n  +24^44* +9^44* 0^44* - ) ^ l 6 *
from normal valency angle .
P erk in  ex p lo ited  the use of d ie th y l  malonate to  syn thesise  some 
fo u r - ,  f iv e - ,  and six-membered r in g s , and found th a t  the y ie ld s  c o rre s ­
ponded approximately to  p re d ic tio n s  based on the  assum ption th a t  the 
tendency f c r  ring  form ation i s  governed by the degree of s t r a in  i t  
p o ssesse s , i . e .  > Cg > C^> Cj#
The Baeyer th eo ry  proved f a i r l y  s a t is fa c to ry  fo r  r in g s  sm aller 
th an  oyclohexane, but broke down co n p le te ly  when app lied  to  m acrocyclio 
system s.
In  I 9I 8, Mohr (J .jg r . Chem., I 9I 8, (11), 549; I 922, (11 ), 10),
516) rev ived  and e lab o ra ted  a theory  Introduced by Sachse in  I 890, th a t  
not a l l  a l ic y c l ic  r in g s  are  cop lanar, but f^om oyclohexane iqpwards, 
puckered, m u ltlp lanar co n fig u ra tio n s  may be formed involv ing  l i t t l e  or no 
d e f le c tio n  of the te tra h e d ra l  valency an g le s . I t  has since  been shown 
by Ruzioka, Z ieg le r, Huckel, and many o th e rs  (Ruzicka, Chemistry and 
In d u stry , 1955* 5i*  2 ) th a t  th ere  are no th e o re t ic a l  b a r r ie r s  fo r  the 
ex is tence  of macrocyolio r in g s .
In  oyclohexane, fo r  example, two s t r a in le s s  con figu ra tions can be
•  3 -
v isu a lised »
3ocx.tr ChouLr
A ll the experim ental evidence » however» a c tu a lly  in d ic a te s  th a t  
p r a c t ic a l ly  a l l  oyclohexane m olecules oorrespond to  the c h a ir  form» 
both in  th e  vapour and in  the l iq u id  phase (Hassel» Q uart. Reviews.»
^955> V II, 221). I t  has been ca lcu la ted  th a t  the therm al energy is  
s u f f ic ie n t  to  cause f a c i le  in te rco n v ers io n  between the b o a t and ch a ir 
forms. ( Shoppee» 1946, 11)8; B arton, i b i d . , 1948» )40; Hazelbrock
and O osterhoff, D iscuss. Faraday S ee ., 1951# IQ# 8? . ) .
In  1875# van’t  Hoff po in ted  out th a t  an a llen e  of the  form ula
should be e n a b le  of existinglgLn two o p tic a lly  isom eric forms» 
assuming th a t  the carbon atoms possess te tr a h e d ra l  oonfigM r a t  io n s . I t  
was l a t e r  r e a l is e d  th a t i t  i s  not necessary fo r  four d if f e r e n t  groups to  be 
present» but th a t  should s im ila r ly  e x is t  as two isom ers.
Ju s t as the  hydrocarbon e thy lene  HgCfGHg may be regarded as th e  f i r s t  in  
the  s e r ie s  o f  a l ic y c l ic  compounds» s 6 a lle n e  which co n ta in s  two such 
sim ple r in g s ,  may be regarded  as the f i r s t  of a large  number o f  s p iro -  
compounds w ith  a  g re a te r  number of carbon atoms in  th e se  r in g s , e .g .
The models of these m olecules show th a t  the p lanes o f the  r in g s  are 
p erp en d icu lar t o  each o th e r .
In  th e  r in g  c lo su re  re a c tio n s  w ith d ie th y l malonate which make use 
of the a c tiv e  methylene group, the R e p a ra tio n  o f the reso lvab le  sp iro  -  
( ) : ) ) - heptane d ica rboxy lic  acid is  of p a r t ic u la r  i n t e r e s t .  This ac id
-  4 -
was f i r s t  syn thesised  by Feoht (Ber#, IgO?, ) 88) ) ,  by the follow ing 
method.
Cr far.
BrH^ C
NcjuOC^ Hj-
H O H j.O ' '  C H ^ o H C - H ^ a r  \  *^” iC c O jC T .|4 s )^
CV*. CW^
and was l a t e r  reso lved  by Baoker and Sohurink (Reo. Trav. ohlm. ,  19)1, ) 0, 
921) .
The o b jec t of s t a r t i n g  the work in  t h i s  se c tio n  was to  syn thesise  a 
s e r ie s  o f  **s tic k "  sp ira n es  of the type
with Varying numbers of four-membered r in g s ,  and to  in v e s tig a te  the 
o p t ic a l  p ro p e r t ie s  of th e i r  d e r iv a tiv e s . The siïiç>le P e rk in  rin g  c losure
re a c tio n  w ith d ih a lid e s  and d ie th y l malonate was to  be used in  severa l
,^
s tag es of the syn theses.
CH .
/'" 'S  > « 1  6r«.c.
One such coaç)ound, t e t ra sp iro h exadecane, has been recorded; th is  was 
sy n th esised  by Buohman and Madoff (C a lifo rn ia  I n s t i tu te  of Technology,
-  5 “
P riv a te  Cammunioation, I n s t i tu te  of Petroleum ), who prepared gp iro  
(5 :3 )  hep tane-2 -carboxy lic  ac id  and converted i t  through the ac id  
ch lo rid e  to  the te ten e  which dim erised on heating  to  give the dike tone 
The disem ioarbazide of the  l a t t e r  was heated to  200^ in  a so lu tio n  a£ 
d ie th y len e  g ly co l, y ie ld in g  the hydrocarbon, b .p .  100^3®®»»
uJol9'P - 
rcjd oc-l"< oO.
The scheme to  produce the " s tick *  sp iranes was abandoned as i t  was 
not p oss ib le  to  i s o la te  pure p roducts in  the e a r ly  s tag es  of t ï»  syntheses 
(see  p ,n - i ^  ) .  A tten tio n  was then  given to  the  sy n th esis  o f sim pler 
s p ira n e s , few of which have been prepared; of the  simple ones based on 
the  a llen e  s tru c tu re  only the fo llow ing are known.
Ill
S p iro  (2 :2 )  pentane ( I )  i s  th e  sim plest re p re se n ta tiv e  of the sp irane  
c la s s ,  and was obtained  by the zi no debrom inati on of p e n ta e ry th r ity l  
bromide or 1 :1- b l s ( bromomethy 1 )-c y c lo -propane (Gustavson, jJ. Chem., 
1896, ( i l )  5 4 , 97; Fecht, B er., I 907, ^  5884; Zelinsky, B e r.,
1913# 160)•  On c a ta ly t ic  hydrogenation, the  compound undergoes r in g
f i s s io n  to  produce f i r s t  1; 1-dim ethylcyclopropane, and then  te tram ethy- 
le  ne me thane (Slabey, £ . ,  Amer. Chem. Soo., 1947» ^ »  475)*
Spiro  (4 :4 ) nonane ( I I )  has been prepared by Zelinsky and Rlagina 
(Compt. rend . Acad. S o i. U.R.S.S, 1945, 42.»^68) .  These workers s ta r te d  
by reducing cyclopentanone to  1: 1* -d ih y d ro x y -l: 1 * -d loyclopen ty l andjbreating
-  6 -
t h i s  with d i lu te  su lp h u ric  aoid  to  give sp iro  (4 :5 ) decane-é-one. 
This sp iro -ketone was oxidised w ith n i t r i c  ac id , and the product was 
h eated  in  the  presence of barium hydroxide to  form sp iro -  (4 :4 ) -  
nonane-l-one# The hydrazone of t h i s  ketone was decomposed in  the  
presence of potassium  hydroxide and p la t in is e d  ch a rco a l. The hydro­
carbon, b .p .  156. 2- 156. 7^# was thus obtained .
Spiro (5 :4 )  decane ( I I I )  was s im ila r ly  prepared  by making the 
5 -ketone, and reducing th is  by the  W olff-Kishner re a c t io n . (Z elinsky  
and Sohuikin, B e r ., I 929» 62, 2184)
Spiro (5 :2 )  octane (XV) was syn thesised  by Shortbridge, C raig , 
G reenlee, D erfer, and Boord, Amer. Chem. Soc. ,  1948, 7% 9^6 ) 
u sing  the fo llow ing  scheme,
CM1^  CM^ =CM.C«0  ^ n J  Hcho^ H Ç
T his compound and i t s  d e riv a tiv e s  are  d is tin g u ish ed  from other
cr pe>c3
sp ira n o id  compounds by th e i r  g re a t s t a b i l i t y .
The scheme o u tlin e d  below i s  the one described  in  the experim ental 
work which fo llow s,
CH.OH
c c M j ^ r v r *  ^
C onsiderable d i f f i c u l t y  was encountered in  p reparing  the l ; l - b i s  -  
( bromome thy 1) compounds, and the  y ie ld s  were low. However, sp iro  (4:2)-
-  7 -
heptane and sp iro  (5 :2 ) octane were obtained by th i s  method.
Spiro (4 :2 )  heptane has not p rev iously  been syn thesised  
although many of i t s  d e r iv a tiv e s  includ ing  the c is  and tra n s  
ac id s have been prepared (Thorpe, jJ . ,  I 92O, I I 7, 1579: 1922, 121, 
1821).
-  8  —
E xperim ental.
I .  Attempted Synthesis of ^ .
(a ) P re p a ra tio n  of p e n ta e ry th r i ty l  brom ide.
The methods of ( i )  Backer and Schurink (Reo. T rav. chlm ., 19)1,
921), and ( i i )  Herzog (Qrg. Synth. ,  I 95I ,  )1 ,8 2 ) , were used fo r t h i s  
p re p a ra tio n .
P u r i f ic a t io n  of m a te r ia ls .
Phosphorus trib rcm ide  was d i s t i l l e d ,  tlie f ra c t io n , b .p .  l? )^ ,  being
o
used . Technical p e n ta e ry th r i to l ,  m .p. 244 , was r e c ry s ta l l i s e d  tw ice 
from 2.5/( v /v  hydroch loric  ac id . The m elting p o in t was ra ise d  to  200^.
(1 ) 125 G. (1 .0  m ol.) p e n ta e ry th r ito l  were placed in  a 5OO ml. tw )-
necked f la s k  % Ich was heated on a w ater-bath , and JOOg. (2 .1  m ol.) 
f r e s h ly  d i s t i l l e d  phosphorus trib rom ide were added dropwise over a  period  
of two hours. A sem i-m olten, orange mass was formed and hydrogen bromide 
was f re e ly  evolved. The w ater-bath  was rep laced  by a m etal-bath  and the 
tem perature of the re a c tio n  mixture was slowly ra is e d  to  170^ and m aintained 
a t  170^ 10^ fo r  twenty hours. The orange-red  product was tra n s fe rre d  to  
a beaker con ta in ing  1 1 .  w ater, and v igo rously  s t i r r e d  to  d isperse  the 
f lo c c u le n t lumps. The s o l id  was sep ara ted  by suction  f i l t r a t i o n ,  washed 
se v e ra l tim es with ho t w ater, and tw ice w ith 200 m l. p o rtio n s  of 955^  
e th y l a lc o h o l. The d ry  powder was t r a n s fe r re d  to  a Sohxlet e x tra c tio n  
thim ble suspended by w ire in  a 1 1 . Erlenmeyer f la s k  f i t t e d  w ith a re f lu x  
condenser. E x trac tio n  of the bromide with e th y l ^ c o h o l  was continuéd 
fo r  se v e ra l days. O ff-w hite c ry s ta ls  having a musty odour were
-  9 -
p re c ip i ta te d  from th e  alcohol when i t  was cooled; these  were 
re  c ry s ta l l i s e d  from alcohol and heated  to  120^ to  remove phosphorus 
confounds. O dourless, c ry s ta ls ,  m .p. l6 l# 5 ° , were ob tained .
Y ield  2J4g. (66^)
(11) CCCHgOa)^ + tCgH^SOgCl S6?5L_> CCCHgOSOgCgH^)^ + 4HC1
0{(SL^SQ^0^^)^ + N aB r--------------^  O(CHgBr)^ + 4CgHjS0jHa
)?5G* (4 .2  m ol.) benzene sulphonyl ch lo rid e  were added dropwise to  
a m ixture of 65g . (1 .0  m ol.) p e n ta e ry th r ito l  and )25 ml. p y rid in e  in
a )  1 . th ree-necked  f la s k  f i t t e d  w ith a  dropping funnel, Uiermometer, 
and mechanical s t i r r e r ,  ttsu o h  a  r a te  as to  m ain ta in  the tanç)erature of 
the  re a c tio n  m ixture between )0 - )5 ^ . The tem perature was then kept a t  
40° fo r  one hour. The mixture was added slow ly , and then more ra p id ly  to  
a  v igorously  s t i r r e d  so lu tio n  of 400 ml. concen tra ted  hydroch lo ric  aoid 
in  500 ml. w ater and 1 1 . m ethyl alcohol in  a 5 1 . beaker. C ry s ta l l i s ­
a tio n  of p e n ta e ry th r i ty l  benzene sulphonate was induced ly  seeding w ith  
a  small p o r tio n  of ex trac ted  product which had been tre a te d  s e p a ra te ly . 
The suspension was cooled in  ic e ,  and the product was f i l t e r e d  o f f  
under su c tio n , washed w ith  se v e ra l l i t r e s  of w ater and f in a l ly  w ith 
500 m l. o f m ethyl a lcoho l.
The crude p e n ta e ry th r ity l  benzene sulphonate was added to  500 m l. 
d ie thy lene  g ly co l in  a 2 1 . Erlenmeyer f la s k  f i t t e d  w ith  a HersHberg 
s t i r r e r ,  and )00g . (5 .8  m ol.) sodium bromide were in troduced . The 
mixture was heated  w ith  slow s t i r r i n g  on a m etal-ba th  a t 140-150° 
fo r  s ix tee n  hours. The re a c t io n  mixture was cooled to  about 90° , and
.  10 -
1 1 . of ice-w ater was ra p id ly  s t i r r e d  in .  The mixture was f in a l ly  
oooled by the  a d d itio n  of ice  u n t i l  a ten ^ e ra tu re  of 10° was a tta in e d . 
The p re c ip i ta te  was f i l t e r e d  o ff  under su c tio n , washed w ith w ater, and 
p ressed  d ry . The brown c ry s ta l l in e  s o l id  was d isso lved  in  1 1. b o ilin g
acetone and f i l t e r e d  by g rav ity  through a heated fu n n e l. C olourless
p la te s  of p e n ta e ry th r ity l  bromide sep ara ted  out as th e  so lu tio n  cooled, 
these  were f i l t e r e d  o f f  and washed w ith  100 ml. 95!^  e th y l a lco h o l. More 
p roduct was obtained by concen tra ting  the  mother l iq u o r .
Y ie ld  159g. m .p. l6 0 ° .
(b) P re p a ra tio n  of 1 :1 :5 : ) -  te trao a rb e th o x y s p i r oheptane
The method o f Backer and Schurink was used (Reo, Trav. chim ., 19)1,
52* 921)*
P u r i f ic a t io n  of re a g e n ts .
is o -Amyl alcohol was d r ie d  over calcium  su lphate  and the  f r a c t io n , b .p .  
129 .5 -1 )1°, was d i s t i l l e d  in to  a dry f la s k .  D iethyl malonate was d ried  
over calcium  su lpha te , and d i s t i l l e d  under reduced p re s su re . F rac tion , 
b .p .  87- 89°/16 mm., was used in  the  p re p a ra tio n .
28.75G. (5 m ol.) f re sh ly  out sodium were added to  1,25 1# is o - aay l 
a lcoho l contained in  a )  1 . th ree-necked  f la sk , f i t t e d  w ith a mechanical 
s t i r r e r  sea led  w ith a  polythene gland, a dropping fu n n e l, and a re f lu x  
condenser; the l a t t e r  two were equipped w ith calcium  ch lo ride  t r a p s .  
200G, ( 4 .9  m ol.) dry /je thyl malonate were slowly added and the  m ixture 
was g e n tly  warmed. lOOg. (1 .0  m ol.) p e n ta e iy th r i ty l  bromide were then 
added. The condenser was rep laced  by a  d i s t i l l a t i o n  head, and the
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m ixture was d i s t i l l e d  u n t i l  the thermometer reading was 128°. The 
d i s t i l l a t e ,  about 50O m l., contained  some e th y l alcohol formed by 
double decom position between d ie th y l malonate and i s o - amyl a lcohol 
in  th e  presence of sodium. ^00 m l. dry i s o - aay l alcohol were added to  
the re a c tio n  m ixture which was heated under re f lu x  fo r  f i f t y - s ix  hours.
A la rge  q u a n tity  of the i s o - amyl alcohol was then  removed by 
d i s t i l l a t i o n ,  w ater was then added to  the rem aining mixture and the r e s t  
o f  the  a lcohol was d i s t i l l e d  over as an azeo trop ic  m ix ture . More 
w ater was added to  d isso lve a l l  the p re c ip ita te d  sodium bromide, and a dark 
brown o i l  se p a ra ted  ou t. The product was e x tra c te d  severa l tim es w ith  e th e r , 
and the  combined e x tra c ts  were d ried  over anhydrous potassium  carbonate .
The e th e r  was removed by d i s t i l l a t i o n ,  and a ttem p ts were made to  p u rify  
the product by d i s t i l l a t i o n  under reduced p re s su re .
An 8" column packed w ith Fenske h e lic e s  was used, but a t  1 mm.
p ressu re  ra p id  deconposition  o f the  e s te r  f r a c t io n  took p lac e , and i t
was necessary to  stop  the d i s t i l l a t i o n .  Several v a r ia tio n s  in  technique
were t r i e d ,  b u t each time the e s te r  deconposed producing a dark yellow
d i s t i l l a t e .  One th i r d  of the  crude e s te r  product was d i s t i l l e d  a t
atm ospheric p re ssu re . A fter the lower f ra c tio n s  up to ,  b .p . 1)2°, had
been removed, a pungent sm elling , c o lo u rle s s  l iq u id  commenced to  d i s t i l ,
b u t ra p id  decozposition  occurred in  th e  d i s t i l l a t i o n  f la s k  and hea tin g
20had to  be stopped. The d i s t i l l a t e  had a re f ra c t iv e  index of n^ 1 .4 2 4 ), 
and the follow ing a n a ly s is ;
Found: C, 6?*0 ; H, 11.1
Required fo r  : C, 59 .4  ; H,
An attem pt was made to  is o la te  the  pure e s te r  the form ation
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of I t s  amide. 20g. crude product were shaken at re g u la r  in te rv a ls  w ith 
ammonia (d . 0.880) so lu tio n . No amide was produced.
5 *00. crude product were l e f t  to  stand  fo r  two days in  a stoppered  
f la s k  w ith  100 m l. a lco h o lic  20^ potassium  hydroxide so lu tio n . The bulk 
of th e  alcohol was d i s t i l l e d  o f f ,  and the rem aining potassium  s a l t  was 
d isso lv e d  in  w a te r . The so lu tio n  was b o ile d  w ith  deco lou ris ing  charcoa l, 
f i l t e r e d ,  and the  f i l t r a t e  was a c id if ie d  w ith concen tra ted  l^ d ro ch lo rio  
acid  and e x tra c te d  w ith  e th e r . The e th e r  was evaporated  from the  e x tra c t  and 
the 2 ml. l iq u id  which remained were heated  in  a  te s t- tu b e  on a m etal-bath  
a t  210- 220° fo r  th i r t y  minutes; effervescence due t o  th e  l ib e r a t io n  of 
carbon dioxide was observed. V%en the liq u id  was cooled, a c ry s ta l l in e  
mass was formed which was e x tra c te d  w ith  hot w ater and re c ry s ta l l i s e d  from 
e th y l a c e ta te . W ell-defined c r y s ta l s ,  m .p. 211°, were obtained; th i s  
ag rees  w ith the m .p. given by Backer and Schurink. The iso la t io n  of 1 ;5- 
sp iro h eptane d ica rb o x y lic  aoid confirm s the presence o f 1 :1 :5 :5-  te  tracarbe  th -  
oxy- s p i ro - heptane in  the crude p roduct.
(c )  Attempt to  reduce the product o f the re a c tio n  between d ie th y l 
malonate and p e n ta e ry th r i ty l  bromide.
Low b .p . f r a c t io n s  were d i s t i l l e d  from the crude product, and 50g* of 
the remaining l iq u id  were added dropwise to  a suspension of IQg. lith iu m  
aluminium hydride in  500 ml. anhydrous e th e r , a t  such a ra te  as to  m aintain 
s teady  b o ilin g  of the e th e r . The re a c tio n  m ixture was heated under re f lu x  
fo r  two hours on a w ater-bath . The excess of reducing  agent was deconposed 
by the ad d itio n  of w ater, and 5^ v /v  su lphuric  acid  was added u n t i l  the 
s o lu tio n  was c le a r .  The e th e re a l lay e r  was i s o la te d ,  and the aqueous layer
.  1) -
was e x trac ted  se v e ra l tim es w ith e th e r .  The conabined e x tra c ts  were
d rie d  over anhydrous potassium  carbonate , and, a f te r  the e th e r  had been
removed by d i s t i l l a t i o n ,  the rem aining liq u id  was d i s t i l l e d  under
reduced p re ssu re . 5 *0G# c o lo u r le s s , v iscous, pungent-sm elling l iq u id , 
o 20b .p .  140 Hp 1 . 4705, were c o lle c te d . The residue  was a brown
waxy s o l id .
A nalysis of l iq u id .
Found; C, 68.4 ; H, 11.4
CW. CM.
OiiH qO. re q u ire s  C. 6I . I  j H. 9 .5  f,
^ * • * - /  \ mC
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I I  Attempted S ynthesis of Spiro ( 3 :2 )  hexane.
(a )  P re p a ra tio n  of Itj-d ibrom opropane.
The method of Kamm and Marvel, ( Qrg. Synth ., 1921, 1^ , 8) 
was used .
6570# (2 .0  m ol.) concen tra ted  su lp h u ric  acid  were slowly added 
to  a m ixture of 250g . ( 1 .0  m ol.) trim ethylene g ly co l, l ) 60g . ( 2 .5  m ol.)
<+8% h'ydLrobroor>ic o^c.idL aolukiom  o-r>dL 3
concen tra ted  su lphu ric  a c id  in  a 3I .  f l a s k .  The m ixture was heated 
under re f lu x  fo r  one hour and then d i s t i l l e d  u n t i l  no w ater inso lub le  
product appeared in  the  d i s t i l l a t e .  The w ater in so lub le  lay e r was 
is o la te d  and washed w ith w ater, 50g . concen tra ted  su lphuric  ac id , and 
f in a l ly  10$ sodium CGU?bonate so lu tio n . The o i l  was d r ie d  over calcium  
c h lo rid e , and then  d i s t i l l e d .  595ê* (89*5/5) l:3-dibrom opropane, 
b .p . 162- 165° , were c o lle c te d .
(b) P re p a ra tio n  of 1 : l-d icarbe thoxycy c l obutane.
A BBthod wa^used s im ila r  to  t h a t  of Cason and A llen , (£• Qrg. Chem.,
1949, 1 4 l  10 )6 ).
E thy l a lcohol and d ie th y l malonate were p u r if ie d  as p reviously  
described  fo r  malonic e s te r  sy n th es is  (se e  p . 10 )
) 2 .5g. ( 2 .0  m ol.) f re sh ly  cut sodium were added to  600 ml. dry 
e th y l a lc d io l  in  a 21. twornecked f la s k  f i t t e d  w ith a dropping funnel 
and re f lu x  condenser, each sea led  w ith  calcium  ch lo rid e  t r a p s .  128g.
( 1 .2  m o l.) d ie th y l malonate were added a f t e r  the sodium had f in ish ed  
re a c tin g  w ith th e  a lo o h o l. The f la s k  was warmed on a  w ater-bath  u n t i l  
the so d io -d e riv a tiv e  o f the  e s te r  had d isso lv ed , and th en  l)4 g . ( 1 .0  m ol.) 
1 ;3-dibromopropane were added dropwise from  the  fu n n e l. A vigorous 
re a c t io n  took place and sodium bromide was p re c ip ita te d . The re a c tio n
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m ixture was heated under re f lu x  fo r  th re e  hours, and a large  q u an tity
of aloohol was then  removed under vacuum. The rem aining mixture was
poured in to  w ater and a  heavy orange o i l  separated  o u t. The product
was s a l te d  out with sodium ch lo rid e , and e x tra c te d  w ith  e th e r . The
combined e x tra c ts  were d ried  over ahhydrous potassium  carbonate . The
e th e r  was removed by d i s t i l l a t i o n ,  and the f r a c t io n  of the  e x tra c t ,
b .p .  190-240°, was tra n s fe r re d  to  a  vacuum d i s t i l l a t i o n  apparatus
f i t t e d  w ith an 8" f ra c t io n a tin g  column packed with Fenske h e lic e s .
20F ra c tio n  Range Weight n .
1 46- 52y 3am. 15.Og. 1.5791
2 $ 2- 98:  '  59 .0  1.4159
5 58- 64° • 22.0 1.4196
4 64-66° " 19.0 1.4255
5 66-69 ■ 24.3 1.4349
6 69 „ 26.0 1.4560
7 69-72 " 29.7 1.4359
8 72° • 20.9 1.4559
9 74-80 • 5 .0  1.4554
A nalyses.
F ra c tio n  (6 + 7 + 6) Found: C, 60. 2; H, 8.1 
F ra c tio n  5 Found: C, 60.O; H, 8.2 
C alcu la ted  fo r  2 C, 6O.O; H, 8 . 05^
Y ield of l : l -d ic a rb e th o x ycyolobutane (6+7+8) 76.6g. (58^)
(0) H ydro lysis of 1 : 1-dloarbethcxyoy c lobutane.
5G. e s te r  were heated under fe f lu x  w ith )0  m l. iOjf a lc o h o lic  potassium 
hydroxide s o lu t io n  fo r  th i r ty  m inutes. Most o f  th e  a lcohol was then 
removed under reduced p ressu re , and the potassium  s a l t  was d isso lv ed  in  
w ater. The aqueous so lu tio n  was a c id if ie d  w ith concentrated  hydrochloric  
ac id , and the  p re c ip ita te d  acid  was e x trac ted  w ith  e th e r and d r ie d  over
— i6  —
oalcium su lp h a te . A fter two re  cry s t a l l  is  a t  ions from e th y l a c e ta te  the 
l ; l -cyolobutane d icarboxy lic  ac id  had a m elting  p o in t of 158°. Recorded 
m elting  p o in ts  f o r  th is  acid  vary between 154° ( Farmer and W allis , J . ,  
1935. 1304) , and 158° ( J e f fe ry  and Vogel, J , ,  1948, 1804).
(d) P re p a ra tio n  of 1: 1-b i s ( hydroxymethyl) cy o lobutane.
60Gt. (1 .0  m ol.) 1 :1 -d icarbethoxyoyclobutane d ilu te d  with 5 0 a l.
rr»o|.)
arfiydrous e th e r  were added dropwise to  a m ixture of 1 ) .5g. (1 .2 ^ lith iu m  
aluminium hydride and 580ml. dry e th e r , a t  such a ra te  as to  m ain ta in  
steady  b o ilin g  of the e th e r .  When th e  a d d itio n  was cosp lete  the  mixture 
was heated under re f lu x  fo r  one hour on th e  w a te r-b a th . The excess of 
lith iu m  aluminium hydride was deconposed by the a d d itio n  of w a te r. lOOG. 
crushed ice  were added to  the  m ix tu re , and v /v  s u l j^ u r ic  acid  
so lu tio n  was added u n t i l  th e  aqueous la y e r  became c le a r .  The e th e r  lay e r 
was is o la te d  and th e  aqueous Isy e r  was e x tra c te d  severa l tim es w ith  e th e r . 
The combined e x tra c ts  were d r ie d  over anhydrous potassium  carbonate, and 
a f te r  th e  e th e r  had been removed by d i s t i l l a t i o n ,  a pale  yellow  l iq u id  
remained which was d i s t i l l e d  under reduced p ressu re .
25F rac tio n  Range W e i^ t
1 80-82°/5mm. 4 .? g . 1.4659 , Pale yellow l iq u id
which darkens on
2 „ 112°/5mm. I8 .8 g . 1.4788 stand ing .
C olourless, Viscous 
l iq u id , w ith  sweet 
sm ell.
I : i . '
A n aly sis . l ; l - b is  (hydroaymethyl) cy o lobutane.
F ra c tio n  2 . Found: G, 62. J ; H, 10.55 
^6^12^2 *'®9u i r e 8: 0, 62. 0; H, 10.5^
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Y ield  of 1 :1- b l s ( hydroxymethy 1 ) oyclobutane 18.8g. <54^)*
This compound i s  very  so lu b le  in  a looho l, e th e r , and benzene, but
, I
i s  immiscible w ith w a te r.
The low y ie ld  of the  d io l was thought to  have been due to  the form ation  
of the  qycLic e th e r  by dehydration, th u s  giving the  low fra c tio n  of 
b o i l in g  po in t 02°/5mm. The a n a ly s is  however, shows th a t  th i s  i s  not th e  
c a se .
A n a ly sis#
F ra c tio n  1 Found; C, 65*0 ; H, 9 .O /
0 re q u ire s :  0 , 73.4 ; H, 10.2^ \ /  \ /
( e ) Attempts to  p repare l ; l - b i s ( bromomethyl) cy o lobutane.
( i )  l.OG. (1.0  m ol.) d io l was heated  under re f lm jto r  th i r ty  m inutes 
w ith  lOg. (6.0  m ol.) 48^ bydrobromio aoid so lu tio n  a t  90° on a  w ater- 
b a th . A b lack , charred  so lid  was formed, from which i t  was not p o ss ib le  to  
e x tr a c t  any p roduct.
The experiment was repeated  using  a more d i lu te  so lu tio n  of hydrobromic 
a c id , bu t t h i s  to o , was unsuccessfu l.
( i i )  6 . 20. ( 1 .0  m ol.) phosphorus trib rom ide were added dropwise t o  2 . 0g. 
(1 .0  m ol.) ice -co o led  1 : l -b ls  (hy droxyme th y l ) -cyclobutane . At f i r s t  no 
re a c tio n  took  p lac e , but a f t e r  s t i r r i n g  fo r a few moments, a v io le n t  
re a c tio n  occurred  and hydrogen bromide was evolved. An orange-black
gum was formed. The excess of reagen t was deconposed by the  a d d itio n  of 
id e , and a tte n p ts  were made to  e x tra c t  the product w ith e th e r , petroleum  
e th e r , a lcohol and benzene, but only a tra c e  of pungent sm elling  l iq u id .
— 18 —
n ^ l . 5176, was obtained. The th e o re tic a l  y ie ld  of the  dibromide was 4g.
This experim ent was rep e a te d  on a la rg e r  s c a le , but the  product which 
contained bromine rep re sen ted  le s s  than a  10^ y ie ld .
( i i i )  4.0G . (1 .0  m ol.) d io l  were d isso lved  in  20g. dty benzene and 12.$g. 
( 1 .7  m ol.) phosphorus trib rom ide  were added dropwise to  the ice -coo led  
so lu tio n . The tem perature of the  re a c tio n  m ixture was slowly ra ise d  to  80°, 
and heated  f o r  one hour on a w ater-b a th . The excess of phosphorus t r i -  
bromide was decomposed by s t i r r i n g  the m ixture w ith  crushed ic e .  The pa le  
yellow benzene lay e r was removed, and the  aqueous layer was e x tra c te d  w ith 
benzene. The coabined e x tr a c ts  were washed w ith  10^ sodium carbonate 
so lu tio n , w a te r, and th e n  d r ie d  over calcium  c h lo r id e . The benzene was 
removed by d i s t i l l a t i o n ,  and the pa le  yellow  o i l  which remained represen ted  
a  y ie ld  of only 18|^.
Molecular w e i ^ t  of th e  product in  benzene.
PouiKiî 228.5 ; 265.0
/  \  /C.V4,Br
re q u ire s ;  242. c
2 \ ^ /
( f )  Attempt to  prepare l ; l - b is (chlQromethyl) cyolobutane.
2.0G. (1 .0  m ol.) 1 :1-b i  s ( hydroxy me th y l ) cy c l obutane d isso lv ed  in  5g. 
e thanol were chaken w ith  2 .0g . (2 .5  m ol.) concentrated hydrochloric  ac id  
in  a stoppered  f la s k  f o r  th i r ty  m inutes. No re a c tio n  took p lac e . The 
mixture was g en tly  warmed on a w ater-bath , and rap id  darkening of the 
so lu tio n  occurred . The m ixture was poured in to  w ater, and th e  product was 
e x tra c te d  w ith e th e r  and washed w ith  10% sodium carbonate so lu tio n  and 
then w ith  w a te r. The e x tr a c t  was d ried  over calcium  c h lo r id e . The e th e r 
was evaporated  o ff , leav in g  some ofjbhe umhanged d io l to g e th er with i t s
charred  decom position p ro d u c ts .
2.0G. (1 .0  m ol.) d io l  were heated under re f lu x  fo r  one hour w ith
7.0g. ( 4 .5  m ol.) ace ty l c h lo r id e . The excess o f reagent was decomposed
w ith  w ater, and the product was ex trac ted  w ith  e th e r , and the e x tra c t
was t r e a te d  as described  above. A fter removal afjthe e th e r , a c o lo u rle ss ,
mobile, pungent sm elling l iq u id  remained which was d i s t i l l e d  a t
o 25atm ospheric p re s su re . Y ield  1 .8 g ., b .p .  238-242 , n^'^^1.4483*
A nalysis.
bassaigne t e s t ;  ch lo rine  absen t.
Found: C, 60.2 ; H, 8 .2
C, (1 :l-b is(hydro3m ethyl)cyclobutane a c e ta te )  re q u ire s ; C, 60.0;
XU 10 4 t  8. 1. Î
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I I I  The l^ n th e s is  of S p iro (3 :2 )o c tane ,
(a )  P rep a ra tio n  of l:$-d lbrom opentane.
Benaoyl p ip e rid in e  was prepared by the  method of Marvel and L az ie r,
(Qrg. 3vnth . , I 929, 18).
A so lu tio n  of 210g. sodium hydroxide in  lu 00ml. w ater was added to  
)40g . (1 .0  m ol.) p ip e r id in e  contained in  a ) 1 .  three-necked f la s k  f i t t e d  
w ith  a mechanical s t i r r e r ,  dropping -fu n n e l, and a ir-co n d en se r. 3&0G.
(1 ,0  m ol.) benzoyl c h lo rid e  were added dropwise from the funnel, and the 
r e a c tio n  mixture was continuously  s t i r r e d ,  and cooled by standing the 
f la s k  in  a bath  of co ld  running w a te r.
When th e  a d d itio n  was complete, two la y e rs  of emulsion were formed 
which were broken up by the ad d itio n  o f 100ml. s a tu ra te d  so lu tio n  of sodium 
hydroxide. The product was ex trac ted  w ith  benzene, and the e x tr a c ts  were 
washed sev e ra l tim es w ith  water, anc^hen dried  over anhydrous sodium 
su lp h a te . The benzene was d i s t i l l e d  from the  product under reduced p re ssu re , 
and the  d i s t i l l a t i o n  was continued; the  f i r s t  20ml. of the d i s t i l l a t e  
which were red  were d iscard ed . 6gOG. pale yellow v iscous liq u id , b .p .  
l$2-134V6mm., were c o lle c te d , and some c ry s ta ls  of benzoyl p ip e rid in e , 
m.p. 43^, were d ep o sited  in  the condenser.
Y ield 91# . Recorded y ie ld  77-815^.
y
l:5-dibrom op0ntane was prepared from benzoyl p ip e rid in e  by the method 
o f Dox and Yoder, (J[. Amer. Chem. Soc», I 92I ,  43, 1367) which i s  a 
m o d ifica tio n  of th e  method o f von Braun, (Ber. ,  1904, 37* 3210-13).
33IG. (0 .9  m ol.) phosphorus trib rom ide were slow ly added to  23Og.
( 1 .0  m ol.) benzoyl p ip e rid in e  contained in  a l i t r e  d i s t i l l a t i o n  f l a s k .
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Bach a d d itio n  was follow ed by a v igorous re a c tio n . The sjrrupj^y m ixture 
was shaken and cooled, and 186g. (0*9 m ol.) bromine were added. The 
flsisk  was connected to  a vacuum d i s t i l l a t i o n  apparatus and gen tly  heated . 
At f i r s t  th e re  was a  ra p id  evolu tion  of gas, a f te r  which a pale yellow 
l iq u id  d i s t i l l e d  a t ,  b .p .  70°/20mm. As the  d i s t i l l a t i o n  proceeded, o f f -  
white c ry s ta l s  formed in  th e  condenser and f in a l ly  blocked th e  appara tus. 
The d i s t i l l a t e  was poured on to  a la rg e  q u a n tity  of crushed ic e , and 
v igo rously  s t i r r e d  fo r  th i r t y  m inutes in  a f la s k  f i t t e d  w ith  a re f lu x -  
condenser, in  order to  decompose the phosphorus oxybromide. A dense, 
orange, o i l  separa ted  out which was t ra n s fe r re d  to  a  l i t r e  f la s k  and 
b o ile d  under re f lu x  fo r  th ree  hours id th  hydrobromic ac id
s o lu tio n  to  hydrolyse the b e n z o n itr ile  to  benzoic a c id . A b lack  o il  
was formed which was is o la te d  and s te a m -d is t i l le d , using  an a ir-condenser 
between the  d i s t i l l a t i o n  f la s k  and the  re c e iv e r ; the l a t t e r  was f i t t e d  
w ith a re flux -condenser, thus avoiding blockage of the prim ary condenser 
w ith  benzoic ac id . A c o lo u rle ss , o i l  separa ted  out in  the aqueous 
d i s t i l l a t e .  This o i l  was iso la te d , washed w ith  sodium carbonate 
so lu tio n , and d ried  over calcium  c h lo r id e . The crude product was 
d i s t i l l e d  under vacuum and y ie ld ed  11$g . (39/^)* b .p .  104^/18mm., 1 :3-  
dibromopentane. *
(b) P re p a ra tio n  of 1 : l-d lcarbethoxyoy o lohexane.
P u r i f ic a t io n  of s ta r t in g  m a te r ia ls .
Bthyl a lcoho l was d r ie d  by hea tin g  under re f lu x  a m ixture of 1 l i t r e  
95/f a lc o h o l, 7g« sodium, and 27*3g* d ie th y l  p h th a la te  fo r  two hours. The 
alcoho l was d i s t i l l e d  in to  a dry f la s k  a f t e r  th e  f i r s t  25m l. had been
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d lsoarded .
D iethyl maXonate was d r ie d  over calcium  sulphate and d i s t i l l e d  under 
vacuum. F rac tio n , b .p .  was used in  the  p re p a ra tio n .
The method used fo r  th e  p rep a ra tio n  of 1 :1 -d ica r be th  oxyoy c l ohexane 
was s im ila r  to  th a t  of Dox and Yoder, ( idem, lo o .) .
8G. (2 .0  m ol.) f re s h ly  cut sodium were added to  lOOg. dry e thy l 
a lcohol contained  in  a 21. two-necked f l a s k  f i t t e d  w ith a dropping-funnel 
and re flux -oondenser, each equipped w ith  a  calcium c h lo rid e  t r a p .  When 
the re a c tio n  had oeased, the so lu tio n  was cooled and 28g. (1 .0  m ol.) 
d ie th y l malonate were added drcç>wise. A g e la tinous p re c ip i ta te  of sod io - 
d ie th y l malonate was formed which was d isso lv ed  by g en tly  warming the 
f la s k  on a w a te r-b a th . 40g. (1 .0  m ol.) 1 :5-dibromopentane were then added 
slow ly, and a p re c ip i ta te  of sodium brcaaide began to  form imm ediately.
The re a c tio n  became v igorous and caused the  alcohol to  b o i l .  When a l l  
the  bromo^compound had been added, th e  re a c tio n  mixture was heated under 
re f lu x  fo r two and a h a lf  hours. A b u ff-co lo u red  m ixture pH 7 was formed, 
and th e  a lcoho l was removed from th i s  by d i s t i l l a t i o n  under reduced 
p re s su re . The rem aining l iq u id  and s o l id  were poured in to  w ater, and a 
l ig h t  brown o i l  was s a l te d  out w ith sodium d ilo r ld e  and ex trac ted  severa l 
t in e s  w ith  e th e r .  The combined e x tra c ts  were washed w ith  water and then 
d ried  over anhydrous potassium  carbonate . The e th e r was removed by
d i s t i l l a t i o n ,  and the o i l  was d i s t i l l e d  under reduced p re s su re .
1 90- 125^/llmm. 15. 3g# 1:^1 #4379 Odour of malonic e s te r .
2 125- 150® " 16. 8g . 1.4441 C olourless l iq u id .
3 150- 210® * 7#9ê# 1.4428 Pale yellow l iq u id .
Rapid decom position occurred duringjthe f i n a l  stages of the  d i s t i l l a t i o n .
-  25 -
F ra c tio n s  I  and 2 were combined and r e d i s t i l l e d  using an 8" e le c t r i c a l ly
heated  column packed w ith  Fenske he lices*
A 60-75“/5 buh. l.O g . n?^1.4289
B 75-90 " 1 .7g . 1.4422
C 120 • 19. Og. 1.4452
Residue l*5g. dark brown liqu id*
A nalysis of f r a c t io n  C#
P01UÜ: C, 62.25 ; H, 8 . 85.
C alcu la ted  fo r  OjgHggO^: C, 6 j . l  ; M.8.8^
H e ld  of 1 ; 1 -d loarbethoxyoyolohexane 19g. (48)(), b .p .  120*’/5'®>*» 
i y ^ l . 4452.
F ra c tio n  5 o f the f i r s t  d i s t i l l a t i o n  presumably contained  some
1 :1 :7 :7-tetraoarbethoxyheptane; th i s  was in v es tig a te d  by hydrolysing
some oj^he d i s t i l l a t e  w ith  a lcoho lic  potassium  hydroxide so lu tion*
The m ixture was heated  under re f lu x  fo r  s ix  hours, and then th e  a lcohol
was d i s t i l l e d  from the  so lu tio n  of th e  potassium  s a l t#  More w ater was
added to  d isso lv e  a l l  the  so lid , and th e  so lu tio n  was a c id if ie d  w ith
concen tra ted  hydroch lo ric  ac id  and e x tra c te d  w ith  e th e r .  The e x tra c t
was d r ie d  over calcium  su lpha te , and a f te r  the e th e r  had been evaporated
o f f , a p a le  yellow  viscous l iq u id  remained which was soluble in
e th a n o l, benzene, to lu en e , hot w ater, and in so lub le  in  petroleum  e th e r .
A ttem pts to  c ry s ta l l i s e  the  product from these so lv en ts  were
u n su ccess fu l. The v iscous liq u id  was then  heated in  a f la s k  at 140®
fo r  one hour. Rapid evo lu tion  of carbon dioxide was observed. The
product was deco lourised  w ith a c tiv a te d  charcoal and re  c ry s ta l l is e d  from
o
e th y l a lcoho l, m .p. 104 •
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A natlysis.
Pound: C, 57*5 ; H, 8 .6 .
C alcu la ted  f o r  (a z e la ic  a c id ) ; C, 57*4; H, 8 .6 .^
(o ) H ydrolysis of l:l-d lo a rb e th o x y oyc lohexane.
5 .OG. e s te r  were heated under re f lu x  fo r  one hour w ith  ^Oml* 20^ 
a lco h o lic  potassium  hydroxide so lu t io n . The s o l id  potassium s a l t  was 
d isso lv ed  ty  the ad d itio n  of w ater, and the so lu tio n  was a c id if ie d  w ith 
concen tra ted  hydrochlorio  a c id . The p re c ip ita te d  acid  was e x tra c te d  
w ith  e th e r and the e x tra c t  was d r ie d  over calcium  su lp h a te . P u r if ic a tio n  
and c r y s ta l l i s a t io n  of the product was ra th e r  d i f f i c u l t .  A fter i t  had 
been deco lourised  w ith  charcoal, an a lcoho lic  so lu tio n  of the acid  
y ie ld ed  a white em ulsion which s o l id i f ie d  only on the  a d d itio n  of lig h t 
petroleum  (b .p . 6O-8O®.). C o lou rless , c ry s ta ls  m .p. I 66® (decomp.) were 
obtained  which a f te r  two re c ry s ta l l i s a t io n s  from a ^0:^0  mixture of 
e th e r  and l i g h t  petroleum  had a m.p* 1?6® (decom p.).
A n a ly sis .
Pound: C, 56.0 ; H, 7 .1 .
C alcu la ted  fo r  : C, 55*8 ; H, 7.0f>
Several m e ltin g -p o in ts  have been recorded fo r  1 ; 1-cy c l ohexane d ioarboxy lic  
ac id  varying from 176® (deconç).) (Wightman, jJ . ,  I 926, 25^5) to  207®
(Ingo ld  and Thorpe, £ . ,  I 919# 115, 576).
P rep a ra tio n  of the a n il id e .
IG. l : l -oy c l ohexane d ica rboxy llo  acid  and 2g. a n ilin e  were heated 
to g e th er in  a te s t- tu b e  f i t t e d  w ith  a short a ir-c o n d en se r. The tem perature 
was gradually  ra is e d  to  I 50® and m aintained a t I50-140® for two hours.
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The product was e x tra c te d  w ith 50®!* e th e r  and washed with 50ml. 
hydrochloric  a c id  so lu tio n , follow ed by 20ml. 10^ sodium hydroxide 
so lu tio n . The e th e r  was d i s t i l l e d  from the  e x tr a c t ,  and the re s id u e  was 
deco lourised  w ith  charcoal and re  c ry s ta l l i s e d  from a 50:50 m ixture of 
w ater and a lc d io l .  C olourless needles were ob tained , m.p. 140®.
Analysi s
Found; C, 76.2 ; H, 8 .4  ; N, 7 .1 .
C alcu lated  fo r  C, .,0N; C, 76.8 ; H, 8.4 ; N, 7*0^. L  J
15 17 ^
The analysis obtained  corresponds to  th e  a n ilid e  of cyolohexane carboxylic  
ac id  i t  i s  th e re fo re  obvious th a t the  d ioarboxy lic  acid  must
have undergone decarboxyla tion  during  the h ea t treatm ent a t  I 50®. This 
a n ilid e  i s  described  by Sdson, ( J .  Soc. Chem. I n d . , 1954, 158),m.p.l41®<
0.50 . dry powdered 1;1-cyolohexane d ioarboxy lic  a d d  was heated  under 
r e f lu x  w ith 10ml. th io n y l ch lo rid e  on a w ater-bath  fo r th i r ty  m inutes. The 
excess of th io n y l ch loride  was removed by d i s t i l l a t i o n ,  and the  rem aining 
l iq u id  was shaken w ith  5®1* e th e r .  4g^ a n ilin e  in  50ml* e th e r  were added 
to  the e th e re a l so lu tio n , and a white p re c ip ita te  sparing ly  so lub le  in  
e th e r  waejinmedlately formed. The mixture was shaken w ith d ilu te  hydro­
c h lo r ic  ac id  and washed with w ater. The e th e r  was d i s t i l l e d  from th e  so lid
product, and the l a t t e r  was re  c ry s ta l l i s e d  from ^Ojo aqueous a lc o h o l. 
C olourless need les , m.p. 228®, were ob tained .
A naly sis .
Found; C, 74.2 ; H, 6 .8  ; N, 8 .8
COrJHC^ tV
The product was th e re fo re  the d ia n il id e  of l : l - oyolohexane d ioarboxy lic  acid
(d) P rep a ra tio n  of l ; l - b i s (hydroxymethyl) cy o lohexane.
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A reducing  mixture was prepared of 8*2g* (1 .2  m ol.) lith iu m  
aluminium hydride in  400ml. diy e th e r . To th i s  was added 40g. (1 .0  m ol.) 
l ; l -d io a rb e th o x yoyclohexane in  50 ml. dry e th e r  a t  such a r a te  as to 
m ain tain  steady b o ilin g  of th e  e th e r . The re a c tio n  mixture was s t i r r e d  
co n tinuously . When the a d d itio n  of the e s te r  was complete, the reac tio n  
mixture was heated under re f lu x  fo r  one hour on a w ater-ba th . The excess 
of reducing agent was decomposed by the  a d d itio n  of w ater, then  lOOg. 
crushed ice  were added follow ed by s u f f ic ie n t  5^ v /v  su lp h u ric  ac id  to  
render the m ixture c le a r .  The e th e re a l la y e r  was is o la te d  and the aqueous 
lay e r was e x tra c te d  tw ice with e th e r .  The combined e x tra c ts  were d ried  
over anhydrous potaissium carbonate, and th en  th e  e th e r  was removed by 
d i s t i l l a t i o n .  A so lid , m.p. 94®, remained which a f te r  th re e  re  c r y s ta l l ­
is a t io n s  Arom ethanol y ie ld ed  a crop of prism s of 1 ; 1- b i s (hydroxymethyl) -  
cyolohexane, m.p. 98*5®* Y ield 20.8g. (84^)
( e ) P re p a ra tio n  of l ; l - b i s ( bromomethyl)cy c lohexane.
S everal attem pts wàre made to  prepare th e  dibromide before a 
su ccessfu l method was found.
1) 2.0G. (1 .0  m ol.) 1 : l - b is  ( hydroxymethyl ) cy c l  ohexane were heated  under 
re f lu x  w ith 6g . (4 .0  mol. hydrogen bromide) 48^ hydrobromic a c id  so lu tio n  
f o r  one hour on a w a ter-b a th . The excess of reagen t was decomposed w ith 
w ater, and the  aqueous so lu tio n  was ex trac ted  w ith e th e r . The e x tra c t  
was washed w ith  w ater, 10^ sodium carbonate so lu tio n , and then  d ried  
over calcium ch lo rid e . The e th e r  was e v ^ o ra te d  o ff , and a c ry s ta l l in e  
s o l id ,  m.p. 96®, remained, which proved to  be unchanged d io l .
2 ) 4 . 0g . ( 1 .0  m ol.) 1s1- b i s ( hydroxymethy1)gyclohexane were heated  under
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re f lu x  w ith a m ixture of 12g. (5»5 hydrogen bromide) 48^ hydro- 
bromio a c id  s o lu tio n  and J .6 g . (2 .0  m ol.) concen tra ted  su lphu ric  acid , 
fo r  th ree  ho u rs . Water was added to  decompose excess of hydrobromio ac id , and 
the re a c tio n  m ixture was e x tra c te d  w ith e th e r .  The e x tra c t  was washed 
in  tu rn  w ith  concen tra ted  su lphu ric  ac id , 10^ sodium carbonate so lu tio n , 
and water, and f in a l ly  d ried  over calcium  c h lo r id e . After the  e ther had 
been d i s t i l l e d  from the e x tra c t , 2g. brown l iq u id  remained; a Lassaigne 
t e s t  on t h i s  proved th a t  bromine was absen t.
This experim ent was rep ea ted , and the  re a c tio n  mixture was heated 
under re f lu x  fo r  twelve hours, b u t again  no su ccessfu l r e s u l t  was o b ta im d .
3) Hydrogen bromide was prepared by bubbling sulphur dioxide in to  bromine 
w ater. The gas produced was passed through a tube of dai^ red  phosphorus 
and g la ss  wool to  remove bromine and f in a l ly  in to  a b o t t le  con ta in ing  a 
weighed amount of g la c ia l  a c e tic  a c id . 27g . (4 .5  m ol.) a c e tic  acid  
absorbed 21.5g . ( 2 .7  m ol.) hydrogen bromide. 16g . of th is  reag en t were 
t ra n s fe rre d  to  a l i t r e  f la s k  to g e th e r w ith 5 . 0&# 1; l-»bis(hydroxymethyl) 
cyc lo -hexane. The stopper of the f la s k  was w ired on, and the  f la s k  was 
slow ly warmed up in  a w ater-bath , and l e f t  in  b o ilin g  water fo r  e igh t hours. 
The re a c tio n  m ixture was poured in to  w ater, and th e  heavy orange o i l  
which separa ted  out was is o la te d , and then  s te a m -d is t i l le d . 8g . pale 
yellow o i l  agtparated from the aqueous d i s t i l l a t e ;  th is  o i l  was removed 
and d ried  over calcium  c h lo rid e . A Lassaigne t e s t  proved th a t  bromine 
was p resen t in  the p roduct. The o il  was d i s t i l l e d  under vacuum using a 
semi-micro d i s t i l l a t i o n  apparatus w ith  an 8" vacuum jacketed  Vigreux 
column.
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1 l48-150/25mm.
2 150-152 * ,
3 152- 152*5
4 155=154 *^ "
5 154 "
A nalysas.
0 .7g '
5 .0g '
0 .5g
2.5g '
0 .5g
ru^l.4785
1.4770
1.4745
1.4707
1.4633
Pale yellow l iq u id .  
C olourless l iq u id .
Pale yellow liquid*
F rac tio n  2 . Found: C, 53*7 ; H, 7*8 ; Br, 21*3•
F rac tio n  5* Found: C, 55*2 ; H, 7*1; Br, 15*1*
C alcu la ted  fo r CgH^^Br^ ( l ; l - b i s (bromomethyl)cyclohexane):
C, 35*6; H, 5*2 5 Br, 59*2*^
4) The method f in a l ly  used to  prepare 1:1 - b i s (b raacxaethy 1 )-oyolohexane 
combines the methods of Backer and W inter, (Rec. t r a v . ohim ., 1957, 56, 492) 
and S ho rtb ridge , Craig, G reenlee, D erfer, and Boord, (_J* Amer.Chem. Soc. ,  
1948, 70, 946) in  which phosphorus trib rom ide is  employed.
5G. ( 1 .0  m ol.) 1: 1- b i s (hydroxymethy 1 )cyclohexane were weighed in to
0
a Pyrex combustion tube* The tube was stood in  a beaker of w ater a t  70 , 
and 6 . 6g . ( 2 .0  m ol.) fre sh ly  d i s t i l l e d  phosphorus tribrom ide were added 
dropwise to  the  s o l id .  A vigorous re a c tio n  took place and hydrogen
- I
bi^mide was evolved . Vihen.the effervescence had subsided, the  tube 
was sea led  in  an oxygen flam e, and then  heated in  a Carius oven fo r  
twelve hours a t  140-150®. This re a c tio n  was repeated  on 40g. d io l ,  and 
i t  was found th a t  by reducing the heating  p e rio d  to  e ig h t hours, there 
was no appreciab le  red u c tio n  in  the  y ie ld  of the dibrom ide.
The tube was opened, and th e  v iv id  orange viscous product was 
poured in to  w a ter. The aqueous mixture was d i s t i l l e d  w ith  super­
heated steam , and the heavy, cd lo u rless  o i l  which separa ted  out in  the 
aqueous d i s t i l l a t e  was e x tra c te d  with e th e r  and d ried  over calcium
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c h lo r id e . A fter the e th e r  b# i been removed# the rem aining l iq u id  was 
d i s t i l l e d  under reduced p ressu re  using  a  Vigreux column o f approxim ately 
10 -p la te  e f f ic ie n c y . Low b o ilin g -p o in t l iq u id  50®/5$5mm. was f i r s t  
removed.
A 112-113“/5 m . l . 8g. b!°1,5273
B li3V5.5a®. 2 . 0g. 1.5535
c 113-113.5: " 22 . Og. 1.5337
D 11).5-114° • zo .6g . 1.5335
E 114 " l.O g . 1.5296
Total y ie ld  of l 8l - b i s ( broaom etbyl)oyclohexaqe B+C+D* 4 4 .6 g .(5 ^ )
A nalysis .
Pound; 0# 55*9 ; H, 5 .2  |  Br, 59*9#
C alcu la ted  fo r  CgH^^Br^ t 0 , 55*6 ; H, 5*2 ; Br, 59*2.j(
The f ig u re s  quoted in  the l i t e r a t u r e  fo r  th i s  experiment ares 
Y ield  4j8gL. b .p .  159. 5/l7mm. (Backer and W inter, Rec. t r a y , ohim. ,  1957,56, 
492); T ie ld  27^ b .p . 117°/6am. 1 ^ 1 .5 3 9 0  
(Shortb ridge  e t  jJ . Amer. Chem. S o c ., 1948, 70, 946)
( f )  P re p a ra tio n  of s p iro  (5 ;2 )o c tan e .
The method used fo r  the c y c l is a t io n  of the  dibromide was a  
m o d ifica tio n  of the  method o f Gustavson, (£ • jgW ct. ohim», 1887, 500)
given by Shortbridge e t  a l . , loo.c^)
A m ixture o f 65m l. 95^ e th y l a lcoho l and 6.5m l. d i s t i l l e d  w ater was
poured in to  a  500ml. three-necked f la s k  f i t t e d  w ith a  mechanical s t i r r e r  
sealed  w ith a  polythene gland, a  d ropp ing-funnel, and a  re flux -condenser. 
56. 6g . ( 4 .0  m ol.) s in e  dust were added to  the aqueous s o lu tio n  and the 
mixture was rap id ly  s t i r r e d  to  p reven t coagu la tion  of the  s in e . The f la s k  
was hea ted  in  an isom antle u n t i l  g en tle  r e f lu x i i^  commenoed, and then  40g.
-  5 0  -
(1*0 m ol.) 1 ; 1-b i  s (brom oaethyl)-oyolohe xane ware added dropwise from th e
fu n n e l. The re a c tio n  m ixture was heated  under re f lu x  fo r  tw enty-four
hours w ith  continuous s t i r r in g ,  a f te r  which tim e th e  product was d i s t i l l e d
from the f la s k  w ith  th e  aqueous a lc o h o l. The d i s t i l l a t e  was d ilu te d  to
th re e  t i m s  i t s  volume w ith  d i s t i l l e d  w ater, and th e  c o lo u rle ss  i^ p e r
la y e r  which sep ara ted  out was is o la te d  and d ried  in  tu rn  over calcium
c h lo rid e , and sodium w ire .
The l iq u id  was f i l t e r e d ,  and d i s t i l l e d  from a 25ml. f la s k  using a 4*
e le c t r i c a l l y  heated  column packed w ith  Fenske h e lic e s .
A 129- 129*5« 1 .8 g . n?^1.4480 Barometer 759®®*
B 129.5- 130® 7.5g* 1.4485
C 150-151 1 .7g . 1.4487
D 151® 2 .7 g . 1.4497
B 151 1 .2 g . 1.4498
F ra c tio n s  A,B and 0 were combined and r e d i s t i l l e d  u sin g  a semi-micro 
d i s t i l l a t i o n  appara tus f i t t e d  w ith a 6" vacuum Jacketed  Vigreux column.
1 125.5® 1 .6 g . n?^1.4477 Barometer 764mm.
2 125.5- 126® 1 .4 g . ^ 1.4480
5 126- 126.5 1 .4 g . 1.4481
4 127 1. 2g . 1.4481
5 2 . 2g. 1.4484
6 150- 151® i . 5g. 1.4498
F ra c tio n s  5 @ud 6 were combined and r e d i s t i l l e d .
1 ’ 125- 126® 0.5g* n?^1.4482 Barometer 758mm.
2 * 127® 0 .4 g . ^ 1.4492
5 ’ 127® ^ 0 . 6g . 1.4495
4 ’ 129. 150® 0 . 9g. 1.4504
Y ield  of crude s p iro ( 5 :2 )octane -  1 4 .7g. ( 89^ ) .
2 0  20Y ield  of hydrocarbon n^ 1.4480- n^ 1.4431, = 4 .0g . -  v o la t i le ,  l iq u id  w ith 
ty p ic a l  hydrocarbon odour.
The p h y s ic a l p ro p e r t ie s  of sp iro (5 :2 )octane were determ ined on the 
combined f ra c tio n s  2, 5 4.
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20R efrac tiv e  index -  n^ 1.44800, determ ined w ith a P u lfrio h  refraotom eter*
20P enalty  -  determ ined with re sp e c t to  benzene sangle n^ I . 5OO99 and
f re s h ly  b o iled  d i s t i l l e d  water n . 0 . 35252#
5>n 0^%
d]^®0.82552 dg® ® 0.82243.
A nalysi s .
Found; C, 87,2 ; H, 12.9*
C alcu la ted  fo r  : C, 87.2 ; H, 1 2 .8 .^
The fo llow ing physica l constan ts have been recorded fo r  s p i r o - (5 ;2 ) -  
octane by Shortbridge e;t (J[. Amer.  Chem. Soc., 1948, 22* 948),
b .p .  125.5°/760nnB., d |°0 .8282 , n^°1.44?6.
3 2  .
IV The S y a th esis  of S p iro (4 :2 )hep tane .
(a )  P rep ara tio n  o f 1 :4-dihrom obutam .
1 :4-dlbromobutane was prepared  by the method of S te e le , ( J . Amer.Chem. 
800. ,  1931, §1, 283).
lOOG. (1 .0  m ol.) te tram ethy lene g ly co l were added slow ly, with cooling , 
to  a m ixture of 455ê* ( 2 .5  mol. hydrogen bromide) k&f, hydrobromic acid  
so lu tio n  and 137. 2g . ( I .3 m ol.) concentra ted  su lphuric  a c id  contained in  a 
21. f l a s k .  221.5 g. ( 2 .1  m ol.) concentra ted  su lp h u ric  a c id  were g radually  
added, each ad d itio n  was follow ed by a vigorous re a c tio n . The m ixture was 
heated under re f lu x  fo r  e ig h t hours and then  d i s t i l l e d .  An o i l  separa ted  
out in  the aqueous d i s t i l l a t e ;  to  complete the  d i s t i l l a t i o n  of the o i l ,  w ater 
was added to  th e  mixture in  the d i s t i l l a t i o n  f la s k .  The la y e r  of o i l  was 
iso la te d  and washed in  tu rn  w ith w ater, 10m l. concen tra ted  su lphuric  acid , 
and f in a l ly  10^ sodium carbonate so lu tio n . The product was d r ie d  over 
calcium c h lo rid e  and then  d i s t i l l e d  under reduced p re s su re . 219.5g . ( 92%) 
l iq u id  d i s t i l l e d  between 92-95V25n«a. Recorded y ie ld  70^.
(b) P re p a ra tio n  o f l;l-d icarbethogqrcy c lopentane.
The e th y l  alcohol and d ie th y l malonate used in  t h i s  p rep a ra tio n  were 
p u r if ie d  as p rev iously  describ ed  on p . 2.1-2^
Tha re a c t io n  was c a r r ie d  out in  a s im ila r  manner to  t h a t  described  fo r  
the sy n th esis  o f 121-d lcarbetho jqrcyolohexane (see  p . 2.2. ) using  34.5ê*
( 1 .5  m ol.) sodium, 240g. ( I .5  m ol.) d ie th y l m alonate, 2l 6g . ( 1 .0  m ol.)
1 ; 4-dibromobutane in  800ml. e th y l a lc o h o l. A fter the e th e r  had been removed 
from the d r ie d  e x tra c t ,  the  rem aining l iq u id  was d i s t i l l e d  under vacuum 
using  a 24" Vigreux column.
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1 64-66°/l.5mm. 29g. n?°1.42S5 
"  1.42302 67-68° ■ 66g.
3 68-70° » 3 i .5 g . 1.4192
4 70-77° " 13.5g . 1.4222
3 82-87° " i% 5g . 1.4369
6 H  ! 58g. . 1.44157 87-88° • 55g« 1.4416
8 88-89 " 24g. 1.4416
9 90-114° " 14g. 1.4546
10 114° • 5g. 1.4343
11 114-118 * 2g- 1.4365
Y ield  of 1 ;l-dioarbeth03cyoyolopentane (F ra c tio n s  6 + 7 + 8 )  ss l}7g .(64^) 
A na ly sis .
Found: C, 6I .5  ; H, 8 .)
C alcu la ted  fb r  ; C, 6I .6  ; H, 8 .5 .^
Some of the l i t e r a t u r e  values g iven  fo r the p h y s ic a l p ro p e r tie s  of 
1 21-dicarbe th  oxy cy c l  ope n t ane are as fo llow s: b .p .  115®/l6mm. (Vogel,
J . ,  1929, 1490)
b .p .  97.5°/4mm, 1^ ^ 1.44203 (Parmer and Wall i s ,  J . ,  1933, 1 )0 8 ). 
b .p ,  97-9b°/)zm . J^^l.4390  (S k inner, Linperoe, and Pettebone, J .A aer.
Chem. Soc., I 950, 72^ 1049).
( 0) H ydrolysis of 1 ; 1-dioarbethoxyoyà l opentane.
6G. 1 ; 1-dio a rbeth  oxy cy c l  ope n t ane were H /drolysed w ith  80ml. 20^ 
a lco h o lic  potassium  hydroxide so lu tio n  as described  fo r  l : l-d ic a rb e th o x y -  
cyolohexane on p.& 4. The acid  product was r a th e r  d i f f i c u l t  to  
c r y s t a l l i s e .  F in a lly , i t  was d isso lved  in  a mixture of equal p a r ts  of 
e th e r , benzene, and lig jht petroleum  (b .p .  40-6o®), and then  g ran u la r, 
c ry s ta ls  of 1 ; 1-cyclopentane d ioarboxylic  ac id  were formed m .p. 194®(decomp.). 
A wide range of m eltin g -p o in ts  have been recorded fo r  th i s  a c id , 
m .p. 170-180® (Advani and Sudborough, J .  In d ian  I n s t . S o i. ,  1923,£, 5 3 ).
.  34 -
m .p. 190® (deconç.) (V ogel, £ . ,  I 929, 149O). 
m .p. 186® (Farmer and W allis , J [ ., 1933# 1308).
m .p. 184-5® (Skinner, Lim peros, and P e tteb o n e , £ .  Amer. Chem. S oc.,1950, 
72, 1648).
A n a ly s is .
Found: C, 5 3 .4  ; H, 6 .5 .
C a lc u la ted  f o r  : C, 53*2 ; H, 6 .4 .
P re p a ra tio n  of the a n i l id e .
The d ia n i l id e  of 1 :1-qyclopentane d io a rb o x y lic  was p repared  by the  
method described  on p . 2.5 fo r  th e  p re p a ra t io n  of the  d ia n i l id e  of 1: 1-  
cyolohexane d io a rb o x y lic  a c id . The p roduct was r e c r y s t a l l i s e d  from O^ffL 
aqueous a lc o h o l, and n e ed le s , m .p. 227®# were o b ta in ed .
A n a ly s is . D ian ilid e  o f  1 ; 1 -qyolopentane d io arb o x y lic  ac id .
Found; C, 73*8; H, 6 .4 ; N, 9 . 3 .
^19^20^2^2 C, 74.1; H, 6 .5  ; N, 9 . 1 .%
H ydro ly sis  of 3g* of  the high b o ilin g  f r a c t io n  10 ob tained  A?om 
th e  d i s t i l l a t i o n  of the  crude 1 ; 1-d io a r  be th  oxyqyc lope n t ane (p . 35 ) 
produced an o i l ,  which a f t e r  d eca rb o x y la tio n  y ie ld e d  a specimen of 
su b e r ic  a c id , m .p. 142®.
(d ) P re p a ra tio n  of l : l - b i 8(hydroxym ethyl)qy c lopentane.
136c .  ( 1 .0  m o l.) 1 : l - d io  arbe thoxycyol ope n t ane d i lu te d  w ith  100m l. 
d ry  e th e r  were added dropwise to  a  m ix tu re  of 29#5g ( 1*2 m ol.) l i th iu m  
aluminium hydride in  1400 m l. dry e th e r ,  a t such a  r a te  a s  to  m ain ta in  
s te ad y  b o i l in g  of the  e th e r .  The u su a l p recau tio n s  were tak en  to  
exclude m oisture from  th e  re a c tio n  m ix tu re . A fte r  the  e s te r  had been
-  55 -
added, the  re a c t io n  m ixture was h ea ted  under re f lu x  on a  w ater-bath  f o r  
two hours. The ex cess  o f lith iu m  aluminium hydride was decos^osed w ith 
w a te r , then  lODg* crushed  ice  were added, follow ed by s u f f ic ie n t  5/f v /v  
s u lp h u r ic  ac id  to  deooaç)ose the s o l id  complex and hydrox ides. The 
e th e r e a l  la y e r  was i s o la te d ,  and th e  aqueous la y e r  was e x tra c te d  tw ice 
w ith  e th e r .  The combined e x tr a c ts  were d r ie d  over anhydrous potassium  
carb o n a te , and a f te r  th e  so lven t had been d i s t i l l e d  o f f , a  w hite s o l id ,  
m .p. 87®, rem ained. The product was re  c r y s ta l l i s e d  from acetone and 
gave 78g. (94^) p la te s  of 1 :1- b i s ( hydroxym ethyl) eye1ope n tan e , m .p .Jl® . 
A n a ly s is . 1 ; l - b i s ( hydroxyme th y 1 )cy c l opentane.
Found; C, 64.45 ; H, 1 0 .8 .
requires: C, 64.6  ; H, 10.85^
(e )  P re p a ra tio n  of 1 : l - b i8 (bromomethyl) cy c lopentane.
S im ila r  d i f f i c u l t i e s  were encountered in  th e  a t  te n e ts  to  p repare  
1} 1- b i s ( bromomethy 1 ) cyclopentane as were in  th e  p re p a ra tio n  of 1 :1 - 
b i 8 (bromome t  hyl ) cy c l  ohe xane (se e  p.&G-zw ) .  48^ Hydrobromio a c id  so lu tio n  
and hydrogen bromide in  a c e t ic  acid  were not s a t is f a c to ry  re a g e n ts , and 
th e re fo re  phosphorus trib ro m id e  was used .
140. ( 1 .7  m ol.) f r e s h ly  d i s t i l l e d  phosphorus trib rom ide  were added 
dropwise to  5 g . (1 .0  m ol.) 1 : l - b is (  hydroxyme thy  1 ) cy e lope ct ane in  a Pyrex 
Gombusticm tube s tand ing  in  a  w a te r-b a th  a t  5 0®. When the v ig o ro u s 
r e a c t io n  had subsided  and th e  e v o lu tio n  of hydrogen bromide had ceased , 
th e  tube was se a le d  and heated  in  a  C arius oven a t  120-1)0® fo r  t e n  h o u rs . 
(T h is was rep ea ted  on 76g . d i o l . ) .  The tube was opened and the  pale  
yellow  l iq u id  was poured in to  w ater and s te a m -d is t i l le d .  An o i l  sep ara ted
-  -
i n  the  aqueous d i s t i l l a t e ;  t h i s  o i l  was i s o la te d  and d r ie d  over calcium  
c h lo r id e , i t  was then  d i s t i l l e d  under reduced p re s su re .
A 40-90®/20mm. 7 .2 g . n?^1.46l6
B 90- 126® " 12 .1g . ^ 1.5170
c 126- 150® " 50. 1g . 1.5297
F ra c tio n s  B and G were combined and r e d i s t i l l e d .
1 80-120/2Qmm 5 . ) g .  n?^1.5003
'2  123- 123. 5 ° "  i6 .3 g . ^ 1.5359
3 123.5-134 " 1 4 .7g. 1.5359
4 124- 126° " 2 . 0g . 1.5239
5 126-128° " O.Sg. 1.5250
Residue in  d i s t i l l a t i o n  f la s k  id e n t i f ie d  a s  unchanged d io l .
F ra c tio n  1 was r e d i s t i l l e d .
1 ' 80-100°/20mm. l . l g .  n ? ^ .4 6 l4
2* 118-120 * 3 . 0g . 1.5065
A n a ly sis . Combined F rac tio n s 2 and J .  1 ; 1 -b i s ( bromome th y l ) eye 1 ope n t ane. 
Found: B r, 60. 8 .
CyH^gBr^ re q u ire s :  B r, 61.5 #^
Y ie ld  of 1 :1- b ie ( bromomethy 1 ) qyo 1 ope n ta n e , b .p .  125-124®/20mm. » (21j{).
P h y s ic a l  c o n s ta n ts  determ ined fo r 1 ; l - b is  (bromome th y l  ) cyclopen tan e .
R e fra c tiv e  index  -  1.5559
pn
D ensity  -  dj  ^ 1 .6405 .
(e )  P r% )ara tion  of sp iro (4 : 2 )hep tane .
The method used f o r  th e  p re p a ra tio n  of th e  sp iro h ydrocarbon from 
12 l - b is  ( b r  omomet hyl ) cy d  opentane was s im ila r  to  th a t  described  on p . 2.5 fo r  
the  fo rm ation  of s p i r o (5 ? 2 ) -o c t  ane from 1 : 1-b i  s  ( bromomet hyl ) cy c l  ohe xane.
The q u a n t i t i e s  used were 3^*4g* (4 .0  m ol.) l in e  d u s t, abso lu te
a lc o h o l, 3»il* d i s t i l l e d  w a ter, )Gg# ( 1*0 m ol.) 1 : l - b i s  (bromome th y l  )cqtc1o- 
p en tan e . About lO g. crude p roduct were ob tained  a f t e r  i t  had been  d ried
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error oalolum ohioride. The v o la ti l . ,  liquid was d is til le d  ffon sodium.
1 90- 92°  0 .7 g . n?®1.4277 Barometer 762m,.
2 92- 93°  2 .7 g . 1.4280
3 93 .94  5 .1 » .  1.4282
4 94° 0. 4g. 1.4296
Practions B end G were conbinad and re d is tille d .
A 90*5- 92°  0*56* nu^l.4277 Barometer 762mm.
B 92-93 -  0 . 9g . "  1.4280
G 93- 93.5 ® 2 .1 g . 1.4282
D 93 . 5=94 1 .8 g . 1.4282
E 94°  0 .6 g . 1.4285
l ie ld  of oruds splro(4:2)heptane -10g. ( 89%).
20t i e l d  o f hydrooarbon 1*4282 v o l a t i l e ,  liq u id *
D ensity  was determ ined on the oombined f r a c t io n s  C + D, w ith  resp eo t
90
to  f r e s h ly  b o ile d  d i s t i l l e d  w a te r, d^ 0 .79044.
Analysis. 8piroC4:2)heptane.
Founds C, 87 .4  ; H, 12.4
^7^12 0, 87.4 ; H, 12.6.)^
-  3 8  -
S e c tio n  I  
D iscu ss io n .
The r e s u l t s  o f the  experim en tal work are  not e n t i r e ly  in  agreement 
w ith  th e  th e o r ie s  on th e  s t a b i l i t y  of the fo u r - ,  f iv e - ,  and six-member ed 
a l i c y c l io  compounds, e .g .  th e  c y c l is a t io n  re a c t io n  between the  allqrl h a lid e s  
and m alonic e s t e r ,  produced 1 : l-d io a rb e th o x y -e s te rs  in  th e  follow ing y ie ld s ,  
1 ; l-d io a rb e th o x ycyolobutane -  $ 8^
* « « » pent ane -  64^
" « I I  » hexane -  48^
i . e .  Gj>C^>Cg. I t  has been p rev iously  m entioned (see  p . 2. ) th a t  P e rk in  
ob ta ined  y ie ld s  which approxim ately  corresponded to  p re d ic t io n s  based on 
the  assum ption th a t  th e  tendency fo r  rii%  form ation  i s  governed by the  
degree o f  s t r a i n  i t  p o sse s se s , which acco rd ing  to  th e  Baeyer S tra in  Theory 
was I t  should  be born in  mind th a t  r e la t iv e  s t a b i l i t y  of r in g
system s i s  n o t the  so le  c r i t e r i o n  fo r  ease  o f  fo rm ation . In  th e  malonic 
e s t e r  s y n th e s is  under c o n s id e ra tio n , when a sh o rt chain  se p a ra te s  th e  halogen 
atoms, th e  re a c t io n  lead in g  to  r in g  c lo su re  i s  p re fe rre d  to  th a t  lead in g  
to  th e  e x ten sio n  o f  the ch a in  to  a  g re a te r  e x te n t th an  when a  long chain  
sepairates th e  halogen atom s. I t  was found th a t  1 :4-dibromobutane and 1 :5 -  
dibromopentane d i f f e r  m arkedly in  t h e i r  behaviour towards d ie th y l  m alonate. 
The form er r e a c t s  to  g ive th e  c y c lic  compound w ith  only a tr a c e  of the 
s t r a ig h t - c h a in  a d d it io n  p ro d u c t, whereas 1 :5  -dibromope n t ane re a c ts  w ith  
d ie th y l  m alonate to  form b o th  c y c lic  and s t r a ig h t- c h a in  compounds, sometimes 
in  equal p ro p o r tio n s . The g re a t tendency fo r  th e  s ta b le  five-membered r in g  
to  be formed i s  e v id e n t.
By way of i n t e r e s t ,  th e  l ; l -d ic a rb e th o x y -e s te r s  of cy c lo -pentane and
cyolohexane were hydro lysed , and th e  new a n il id e s  of th e  d ica rb o x y llo  
a c id s  were prepared*
C O N H C t H r  r n V o M H C ^ H ^
m .p. 228° m .p. 226°
?
Some of the , h igh  b o ilin g  f r a c t io n s  ob ta ined  from the sy n th e s is  of 
th e  five-membere’d and six-mcmbered r in g s  were a ls o  hydrolysed, to  y ie ld  
sam ples o f s u b e r ic ,  and a z e la ic  a c id s .
Î
The re d u c tio n  o f  th e  1 : l - d i  oarbe thoxy-e s te  r s  w ith  lith iu m  aluminium 
hydride to  g ive 1 : l - b is  (hydroxymethyl)-comp ounds was accomplished w ithout 
d i f f i c u l ty ;  th e  p ro d u c ts  ob ta ined  were,
i  Y ie ld . 25
1 ; 1 - b i8( hydroxym ethyl)cyolobutane %  b .p .  112 / 5mm. n^^l.4788
" » « pe n tane  $4 m .p. $1® p la te s .
* » It hexane 84 m .p, 98.5® p rism s.
The f i r s t  two members o f  th is  s e r i e s  have n o t p rev io u s ly  been p rep a red .
The nex t stage  of the sy n th e s is , i . e .  the  p re p a ra tio n  of th e  1 ; l - b i s -  
(brom omethyl)-canpounds was d i f f i c u l t .  In  th e  cyclobutane s e r i e s ,  the 
sy n th e s is  d id  no t p ro g ress  beyond th is  stage s in ce  a l l  a ttem pts t o  prepare 
th e  gem -dihal oge no-met hyl compound from 1 ; 1 -b  i s  ( hydro:?yiae th y l  ) qycl obu t  ane 
u s i i^  q u ite  m ild  c o n d itio n s , r e s u l te d  in  the  décom position of the  d io l,  
presumably by ru p tu r in g  the  qyolobutane r in g .
The d io ls ,  1 :1-b i  s( hydroxyme th y l  )oyolopentane and 1 ; l - b i s - ( hydroxymethyl ) 
cyolohexane were in  c o n tr a s t  very s ta b le  to  reag en ts  such as 48^ hydrobromic 
ac id  s o lu t io n ,  and a s a tu ra te d  s o lu tio n  o f hydrogen brom ide in  g la c ia l  a c e tic  
a c id .  The method of h e a tin g  the  d io l  w ith  phosphorus trib rom ide  in  a se a le d  
tube had to  be used f o r  the p re p a ra tio n  o f  th e  bromo-oomp ounds. 1 : l - b i s -  
( hydroxyme th y l  )oy e lope n t ane was more r e s i s t a n t  to  t h i s  trea tm en t th an  th e
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correspondinig cy c l  ohexane compound, s in ce  a f t e r  h e a tin g  w ith phosphorus 
tr ib ro m id e , some o f th e  d io l  was reco v ered  from th e  re a c t io n  m ix ture  • The 
y ie ld s  o f l ; l - b i s (brc»aomethyl)oyclohexane and 1 : 1-b  i s  (bromome th y l  )cy c lo -  
p e n t ane were 55/^  and 2Xj» r e s p e c t iv e ly ;  th e  l a t t e r  coaçiound has n o t been 
p rep a red  b e fo re .
The f in a l  r e a c t io n  between th e  dibrcmo-compounds and zinc to  fo ra  
th e  sp i r  ohydr 00 arbons was s a t i s f a c to r y  in  th a t  y ie ld s  o f  89/5 of th e  crude 
p ro d u c t were o b ta in ed  in  bo th  c a s e s . The coaç)ounds were p u r if ie d  by 
d i s t i l l a t i o n s  i n  sem i-m icro a ^ a r a t u s ,  and th e  two sp ira n e s  s p iro (2 :4 )  
h ep tan e , and s p i r o ( 5 :2 )o c ta n e , were thue||produced. The form er conpound, 
b .p .  93-94®, r y ^ l .4282, d |% .?9 0 4 4 , has n o t p re v io u s ly  been p re p a re d .
I t  has been m entioned a lread y  (se e  p .  6  ) t h a t  th e  scheme to
e
sjjjthesise  * s tick *  s p i r o - conpounds of the  type
from  1 : 1 :5 : 5- te t r a c a rb e th o :y s p iro h eptane was abandoned because o f the  
f a i l u r e  to  i s o l a t e  the  pure  e s te r  produced in  the  m alonic e s te r  sy n th e s is ;  
th e  o i l  cou ld  n o t be d i s t i l l e d  w ithou t d e ca n p o sitio n . The re d u c tio n  of 
th e  impure e s t e r  w ith  l ith iu m  aluminium hydride gave a  l iq u id  having a 
com position  which d id  not correspond to  t h a t  o f 1 : 1 : 5 ;5-te tra (h y d ro x y m eth y l) -  
s p iro h ep tane , th e re fo re  th e  scheme was not fu r th e r  s tu d ie d .
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S ection  I I .
The Formation of o-Xylene through 4;5-Dimethyleneoy o lohex8ne.
In tro d u c tio n .
A study of th e  syn theses and p ro p e r tie s  o f dim ethylene-ey e lo h eXene 
compounds has n o t been in v e s tig a te d  b e fo re . T his se c tio n  d e a ls  w ith  the 
p o ss ib le  methods of p re p a ra tio n  of 4 :5-d im ethy lenecyolohexene w ith  a view 
to  studying  i t s  chemical behaviour, and i t s  in te rco n v e rs io n  to  form c-xy lene .
0:::—Q::
The th re e  schemes of synthesis considered  were as fo llow s:
C.M^ cu .
CM -  COII 'O
CM - C O  ^
.COCM 
f^ ro ly ç is
CW^ N(cM,))
Schemes I  and I I I  were a ttem pted . The Tschugaeff re a c tio n  was favoured as 
i t  has been used  su c c e ss fu lly  to  prepare o le f in e s  from the corresponding 
a lco h o ls  w ithou t causing any rearrangem ent in  the  m olecule. The th ird  
scheme although somewhat leng thy  was thought not to  be con«jdusive to  any 
in tram o lecu la r rearrangem ent: t h i s  scheme in v o lv es the  p rocess of 
deg radation  of a quaternary  ammonium oonpound to  give an d e f i n e ,  w ater, 
and trim ethy lam ine,
CM
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a re a c tio n  which i s  the b a s is  of th e  im portant HoAoann d eg rada tion  so 
o f te n  used fo r the in v e s tig a t io n  ofjihe s tru c tu re  o f compounds of unknown 
c o n s t i tu t io n .  The standard  method of p y ro ly s is  of an a c e ta te  to  produce 
an ole f in e  in  scheme I I  was considered  to  be r a th e r  d r a s t ic  fo r  th e  
p roduction  of 4 :5 -diiaethylenecyolohexene, a compound which was so l ik e ly  
to  isom erise to  form th e  corresponding arom atic compound. This method 
has, however, been very su c c e ss fu lly  enployed by B ailey , Rosenberg, and 
Young, (jJ. Amer. Chem. Soc., 1955* 22* 4780; 1954» 1940; 2251), to
sy n th esise  r e a c t iv e  and s tra in e d  d ienes e .g .
The o v e ra ll  y ie ld s  o f these hydrocarbons were of th e  o rder of 75/5, and 
th e  products have been used to  p repare a s e r ie s  o f  ^m m etrica l and 
unsym m etrical adduots of benaoquinone and naphthoquinone.
-  4 5  -
S ec tio n  I I  
E xperim ental.
(a )  P re p a ra tio n  of c i s -  ^ - t e trah y d ro p h th a llo  anhydride.
IGOCr* (1 .0  m ol.) 1 :5 -bu ty lene g ly co l were heated  w ith  ?0g. (0 .2  m ol.) 
2 -to lu e n e  sulphonio ac id  to  180® on a m e ta l-b a th . The dehydra tion  
p ro d u cts  were passed through a v e r t i c a l  a ir-co n d en se r, an in c lin e d  w a ter- 
concbnser f i t t e d  w ith  a d i s t i l l a t e  re c e iv e r ,  an io e - t r a p , and f in a l ly ,  
through a t r a i n  of th re e  Drechael b o t t le s ,  the  f i r s t  be ing  empty and th e  
nmxt two co n ta in in g  weighed q u a n ti t ie s  of benzene. A fter th re e  hours 
the  d isso lv e d  butadiene was w e i r e d ,  ( 26g . 24^ y ie ld ) ,  and th e  corresponding 
m olecular q u a n tity  of f in e ly  powdered m aleic  anhydride (4 7 g .)  was added 
to  the  benzene s o lu t io n . The re a c tio n  m ixture was allowed to  stand a t 
room tem perature  fo r  tw en ty -fou r hours. C o lourless needle c ry s ta ls  of 
the adduct were p re c ip i ta te d ,  and a f te r  th ese  had been  f i l t e r e d  o ff , a  
second crop  was p re c ip i ta te d  by the  a d d itio n  of l i ^ t  petroleum  (b.p.40-60® ) 
to  the  f i l t r a t e .  T o tal y ie ld  6Sg. (95^)* m .p. 102®.
(b) R eduction of c i s - A ^ -te tra h y d ro p h th a lic  anhydride. w ith lith iu m  
aluminium h yd ride .
A reducing  m ixture was prepared  from ?.5g* (1 .2  m o l.) lith ium  
aluftiniuia hydride in  500m l. anhydrous e th e r .  25G. ( 1 .0  m o l.) c i s - -  
te tra h y d ro p h th a lic  anhydride wane.slowly added to  the  m ixture by e x tra c tio n  
frcxa a th im ble in  a Sohxlet apparatus. The re a c tio n  m ixture was heated  
on a w a te r-b a th  f o r  an hour a f te r  the  e x tra c tio n  was com plete. The 
excess o f  lith iu m  aluminium hydride was deconposed by the a d d itio n  of 
w ater, and %  v /v  su lp h u ric  acid  was added u n t i l  th e  m ixture became c le a r .  
The e th e r  la y e r  combined w ith  th re e  e th e r  e x tra c ts  from the  aqueous la y e r .
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were d r ie d  over snhydrous potassium  carb o n a te . The e th e r  was removed by 
d i s t i l l a t i o n ,  and the p a le  yellow , v isc o u s , l iq u id  which remained was 
d i s t i l l e d  under reduced p re s s u re .
lOG. c o lo u r le s s , v isc o u s , l iq u id , b.p* l69~170^/llm m ., n ^ ^ l.5092, 
were c o lle c te d , which could not be s o l id i f i e d .  A fter th e  product had stood  
fo r  se v e ra l weeks a t 0° a few c ry s ta ls  sep a ra ted  o u t. Another 4g. of 
p roduct were obtained  by continuously  e x t r a o t in ^ h e  aqueous la y e r  w ith e th e r  
fo r  tw en ty -fo u r hours. T otal yÿ^ld I4 g . ( 6 l^ ) .
Analysi s .  c i s -4 ;^ -b i s (hydroxym ethyl)oyo lohexene.
Found: 0 , 6?*6 ; H, 10 .2 .
CgH^^Og re q u ire s  : C, 6?.6 ; H, 9 . 9#
(c )  P re p a ra tio n  of ae th y l c is -c y c lo hexe ne-4 :5«>di carboxyl a t e .
4
A m ixture o f 48g# e is -  A  - te tra h y d ro p h th a lic  anhydride, ^OOml. methyl 
a lc o h o l, and 20ml. concen tra ted  su lp h u ric  a c id , was heated  under r e f lu x  fo r  
seven hours on a  w a te r-b a th . Most ofjthe a lccho l was d i s t i l l e d  o ff , and the 
rem aining l iq u id  was poured in to  tw ice i t s  volume o f  w ater and n e u tra lis e d  
by th e  a d d itio n  o f so lid  sodium b ic a rb o n a te . A c o lo u r le s s , sw eet-sm elling  
o i l  was p re c ip ita te d  which was e x tra c te d  w ith e th e r .  The combined e x tr a c ts  
were d r ie d  over anhydrous magnesium su lp h a te . The e th e r  was removed by 
d i s t i l l a t i o n ,  and the  rem aining o i l  was d i s t i l l e d  under reduced p re s su re .
(9 )^ ) l iq u id ,  b .p .  1 1 6 - 1 1 7 ^ 9 n^^l*4726,  were c o lle c te d .
The method used above fo r  the p re p a ra tio n  of the  dim ethyl e s te r  I s  
le s s  com plicated th a n  the procedure g iven  by Cope and H errick , ( J . Amer. Ohem. 
80c . .  1950, 989) in  which the arfiydride, the a lc o h o l, and ^ - to lu e n e
Bulphonio acid  monohydrate are heated  under re f lu x  f o r  I 6 hours. Toluene
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i s  th en  added and the  a ze o tro p ic  m ixture o f m ethanol, w ater and to luene  i s  
d i s t i l l e d  o f f  a t 75-78^ u n t i l  the d i s t i l l a t i o n  tem perature begins to  d rop .
More m ethanol i s  then  added, and the procedure o f re f lu x in g  and azeo tro p ic  
d i s t i l l a t i o n  i s  re p e a te d . The rem aining to luene  and methanol are removed 
under reduced p re ssu re , and the  res idue  i s  e x tra c te d  w ith  e th e r .
Y ield  80JÉ, b .p .  120-122°/5mm., n^^ l.4?00 .
(d ) R eduction of methyl c is -o y o lohexene-4;5*dicarbaxylate  with lith iu m  
aluminium hyd ride .
I 55G, (1 .0  m ol.) m ethyl o is-oyolohexene-4 ;5"d ioarboxy late  in  100ml. 
an|iydrous e th e r ,  were added dropwise to  a  reducing  m ixture o f lj.5 g *  (1*5 m ol.) 
l ith iu m  aluminium hydride in  400ml. anhydrous e th e r , a t  such a r a te  as to  
m ain tain  steady  b o ilin g  of the  e th e r .  A fte r  the  a d d itio n  was complete, th e  
re a c tio n  m ixture was allowed to  stand  fo r  one hour, a f t e r  which time w ater 
was added t o  decompose a iy  excess of l ith iu m  aluminium h y d ride . D ilu te  
hydroohlorio  ac id  was added ÿu itil the m ixture was c le a r . The e th e r  lay e r  
was i s o la te d ,  and the aqueous lay e r was e x tra c te d  continuously  fo r  24 h o u rs .
The combined e x tra c ts  were d r ie d  over anhydrous potassium  carbonate . A fte r 
th e  e th e r  had been removed by d i s t i l l a t i o n  55*5ê* P&l0 yellow  l iq u id  
remained; d i s t i l l a t i o n  under reduced p ressu re  o f the  product gave )0 g .
( 76/i)c i8 -4 :5 - b i s (hydrosym ethyl)oyclohexene, b .p .  l68-170^/llm m .
■ ■■■<
(e )  P re p a ra tio n  of the  d i-p - t  clue ne sulphonyl d e r iv a tiv e  of c is - 4 ;5 -  
b i s (hydroxym ethyl)c y c lohexene.
An ic e -c o ld  so lu tio n  of llO g . (2 .1  m ol.) £ - to lu e n e  sulphonyl ch lo ride
-  4 b  -
i n  550ml. dry p y rid in e  was added slowly to  a  coo l so lu tio n  o f 5 7 .7g.
(1 .0  m ol.) 0i s - 4 ;5~bl8(hydroxym ethyl)-cyolohexene in  100ml. dry 
p y r id in e . The mixture was allow ed to  s tan d  overn ight a t  0^, and then  
poured in to  an excess o f d i lu te  hydrochloric  a c id . An o i l  was p r e c ip i t ­
a ted  which s o l id i f i e d  on c o o lin g . The p r e c ip i ta te  was f i l t e r e d  o ff  aid  
d isso lv ed  in  chloroform* The s o lu tio n  was washed w ith 10^ sodium 
b icarbonate  so lu tio n , then  w ater, and f in a l ly  d r ie d  over anhydrous 
magnesium su lp h a te . The chloroform  was removed by d i s t i l l a t i o n ,  and 
the  rem aining o i l  was c ry s ta l l i s e d  from m ethanol. The product was 25g. 
( 19^) c o lo u r le s s  n ^ e s ,  m.p. 94.5 ^#
Analyoio.—Di. p. %#luen##mlphonyl derivative of cie- 4t5^b is(-lydpojymethyl) 
oyolohexene.
A»-ice-eo ld -solution of llQg-. (2,1 mol. ) toluene- sulphoiyl 
chleHde pyridine was added s lowly to m-0ool  solution of
(iHl- mdlf) oiip-4g5*bMhy(k*o3yil»4liy4)*cyal | >ilxtne in 100ml .  dry 
p y rid liii. --¥ht- mi3cture was-aXlswed ciyernight at 0°, and-then
poured -e^ d ilu te  hydrochloric acidy- An o il was
whWh s o l id if ie d  on ooolii% . - The pr#g%i%#W was f i l t e r ed
— T-he sol u tio n  was--wael ie d -w ith 1 ^  
gçdiuB blcayHentate eejlution» then  w^ e r ,  and f i W l y  d r ie d  over
I ' ' '
anhydrous magnes ium su lpha te .  The-chlorofo%m ### r emoved by  d i s t i l l a t i o n, 
and the r emaining o i l  was e ry » f i3ll4»ed -frcaa methanol .  The product was
- y t
8) 6 " ( 19:^ ) ######« .# ,P . ,
A n aly sis . D i-p-to lueiîj||y i|phonyl d e riv a tiv e  o f o i s -4 ;5 -b l s (hydro3qrmethyl) -  
oyolohexene. ,
Found: C, 50.7} H, 5*5 },S,  14.6
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re q u ire s :  C, 58 .6  ; H, 5 .8  ; S, 14$2^
The experiment was rep ea ted  sev era l tim es and i t  was found th a t  the 
y ie ld  of the d ito luene  sulphonate was considerab ly  decreased when the  
py rid ine  was d i s t i l l e d  o f f  under reduced p ressu re  before pouring the 
re a c tio n  m ixture in to  d i lu te  hydrochloric  a c id .
(e ) P re p a ra tio n  of c is - 4 :5 - b i s (iodom ethyl)o y o lohexene.
CunoL
A m ixture of 25g. (1 .0  m ol.) sulphonic e s te z y )5g . (4 .4  m ol.) sodium 
iod ide  in  jéOml. dry acetone was b o iled  under re f lu x  on a w ater-bath  fo r  
s ix te e n  h o u rs . The p re c ip ita te d  sodium £ - to luene  sulphonate was f i l t e r e d  
o f f  and weighed 19»5ê* ( th e o r e t ic a l  y ie ld  19#9ê)* The acetone was removed 
from the f i l t r a t e  under reduced p re s su re . A ddition o f w ater to  the  res id u e  
p re c ip i ta te d  a heavy o i l  which was d isso lv ed  in  chloroform  and washed with 
5^ sodium th io su lp h a te  so lu tio n  and then  w ith  w a ter. The s o lu tio n  was 
d r ie d  over anhydrous magnesium su lp h a te , and the chloroform  was removed 
under vacuum. The product was 17 .5g* (95^) pa le  yellow o i l .
(g ) R eaction  between c i8 -4 :5 ~ h is(iodQmethyl)c y c lohexene and trimethylamine.
The gas produced by h e a tin g  150ml. 21^ aqueous trim e thy  lamine 
so lu tio n  was passed  through a s p i r a l  w ater-condenser, and th en  d ried  by 
passing  through a column o f soda-lim e. I t  was f in a l ly  d isso lv e d  in  60ml. 
coo l, dry ace to n e .
17.5g .  ( 1 .0  mol) c i s - 4 ; 5" b i s ( iodom ethyl)oyclohexene d isso lv ed  in  
5Qml. dry acetone were added dropwise to  th e  gen tly  re f lu x in g  so lu tio n  
of trim e thy  lamine in  ace tone . The re a c tio n  m ixture was heated  under 
re f lu x  u n t i l  no trim e thy lamine could be d e te c te d  a t  the top of th e  
condenser; t h i s  was approxim ately th ree  h o u rs . The acetone was removed
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by d i s t i l l a t i o n ,  and some p a le  yellow  l iq u id , and a # i i t e  s o l id  remained* 
More s o l id  was p re c ip ita te d  when anhydrous e th e r  was added to  the  m ix tu re . 
The s o l id  was f i l t e r e d  o ff , and re  c ry s ta l l i s e d  from 95/5 e th y l a lc o h o l.
Y ield 0*8g., m.p* 158-l60^(deoom p.).
A nalysis , oi s -4  ; 5 -b i s ( dime thy laminome thy 1 ) cy c l  ohexe ne d im eth iod ide.
Found: I ,  52 .6  ; 52 .2
^14^50^2^2 I# 52 . 9^
E ther was d i s t i l l e d  from the f i l t r a t e  leav ing  14g. l iq u id  which proved to  
be the  s ta r t in g  m a te r ia l .
R eaction  under p re s su re .
1 .5 g . c 1 s - 4 ; 5-b  i s ( i  odomet by 1 ) oy c l  ohexe ne ware, hea ted  w ith  2g. 
tr im e th y lamine in  6ml. dry acetone a t  100^ fo r  two hours in  a sealed  g la s s  
tu b e . Â considerab le  q u a n tity  of s o l id  separa ted  out which was f i l t e r e d  o f f , 
and more s o l id  was p re c ip i ta te d  in  the  fl I t r a t e  w ith  anhydrous e th e r ;  t h i s  
too was is o la te d  by f i l t r a t i o n .  The product was re  c r y s ta l l i s e d  from 95)5 
e th y l  a lc o h o l. Yield 0 .8  g . (40^).
This experim ent was rep ea ted  many tim es and almost q u a n ti ta t iv e  y ie ld s  
were o b ta ined .
(h) Form ation and d eo o a^ ss itio n  of th e  quaternary  ammonium hydroxide.
S ilv e r  oxide was prepared  from 40g. s i lv e r  n i t r a te  and 20g. potassium  
hydroxide. The p r e c ip i ta te d  oxide was thoroughly washed w ith  water by 
d é c a n ta tio n . 21g. qua ternary  ammonium iod ide  were added to  th e  moist oxide, 
and the  m ixture was shaken fo r  two h ou rs. The rap id  fo rm ation  of s i l v e r  
iod ide  was observed. The re a c tio n  m ixture was f i l t e r e d ,  and the re s id u e  
was washed severa l tim es with w ater. The washings and the f i l t r a t e  were
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combined an i d i s t i l l e d .  The ra te  of d i s t i l l a t i o n  was slow , and the 
l ib e r a t io n  of trim e thy  lamine was d e te c te d . "When only 20ml. liq u id  remained 
in  th e  d i s t i l l a t i o n  f la s k ,  a co lo u rless  o i l  commenced to  d i s t i l  over w ith  
the  w a te r . T his continued u n t i l  the f la s k  was heated  to  dry m s s .  The 
la y e r  o f  o i l  which formed the  upper I s y e r  o f the  aqueous d i s t i l l a t e  was 
e x tra c te d  w ith  a sm all q u a n tity  o f e th e r .  The e x tra c ts  were d ried  over 
anhydrous magnesium su lp h a te , and the  e th e r  was removed under vacuum.
About 4ml. l iq u id  rem ained which was d i s t i l l e d  from sodium. The d i s t i l l -
o oa t  ion  f la s k  was heated  in  an o il-b a th  a t  180 , and 2g. l iq u id , b .p .  143 »
n ^ ^ l.5017, were c o l le c te d .  This p roduct d id  not deco lou rise  a s o lu tio n  of
bromine in  carbon te t r a c h lo r id e .
( i )  P re p a ra tio n  o f the  sulphonamide of o-xy lene .
The method g iven  by Huntress and A u ten rie th , (£ .  Amer. Chem. S o c ., 1941,
63, 3446) and H untress and G arten, (£ . Amer. Chem. Soc., 1940, 5 I I )  
was used .
5 m l. oh lo r  osulphonic ac id  were added dropwise w ith continuous 
s t i r r i n g  to  an ic e -c o ld  so lu tio n  of l.O g . pure ^-xy lene  in  5m l. chloroform .
When the  a d d itio n  was complete, s t i r r in g  was continued fo r  45 m inutes.
The re a c tio n  m ixture was th en  allowed to  come to  room tem peratu re , and 
a f t e r  s tand ing  fo r  twenty m inutes i t  was poured in to  a  5Gtal* beaker 
co n ta in in g  crushed ic e .  The chloroform  la y e r  was is o la te d  and washed 
se v e ra l tim es w ith  w ater and th en  d ried  over anhydrous magnesium su lp h a te .
The chloroform  was evaporated  o f f ,  and the  pa le  yellow o i l  which
remained was d isso lv ed  in  warm l ig h t  petroleum  (b .p .  40-60 ) and l e f t
to  c ry s ta l  1180.  C olourless need les , m.p. 52°, were fe ra e d . These c ry s ta l s  were
-  5 0  -
thoroughly  mixed w ith  2g . powdered ammonium carbonate and heated  in  
a w a te r-b a th  a t 100^ f o r  th i r t y  m inutes. 10m l. w ater were added and 
the m ixture was f i l t e r e d ;  the  res id u e  was washed sev e ra l tim es w ith 
10ml. p o r tio n s  of w ater, and then  t r a n s fe r r e d  to  a beaker con ta in ing  
warm d i lu te  sodium hydroxide so lu tio n  when most o f the  s o l id  d isso lv ed . 
The s o lu t io n  was f i l t e r e d ,  and the f i l t r a t e  was a c id if ie d  w ith  6h 
su lp h u ric  a c id . C o lourless p la te s  were p re c ip i ta te d  which were f i l t e r e d  
o ff  and re  c ry s ta l l i s e d  from e th y l a lco h o l, m .p. 144-145°*
( j )  P re p a ra tio n  of the sulphonamide of the  syn th esised  compound.
The procedure was ex ac tly  as d escrib ed  above, and the fo llow ing 
r e s u l ts  were obtained: 
m .p. of th e  sulphonyl d llo r id e  51-*52" . 
m.p. o f the  sulphonamide 143-144°.
Mixed m .p. of the sulphonamides p repared  in  eiç)erim ents ( i )  and
( j )  143-145®.
(k) D ehydration of c i s - 4 ;5 -b i8 ( hydroxymethyl)Gyolohexene.
20G. (1 .0  m ol.) d io l  were d i s t i l l e d  from 3g* 2-naphthalene 
su lphonic a c id . A p a le  yellow  l iq u id  sep ara ted  out as th e  upper 
lay e r in  the  aqueous d i s t i l l a t e .  The product was s a l te d  out w ith 
sodium ch lo rid e  and i s o la te d .  A fte r th e  l iq u id  had been d r ie d  over 
anhydrous sodium carbonate i t  was d i s t i l l e d  again  from 2-n ^ h th a le n e  
su lphonic  ac id , and th e  p rocess of e x tra c tio n  was rep e a te d . D is t i l l a t io n  
of the f in a l  product from a semi-micro d i s t i l l a t i o n  apparatus w ith an 
S’* vacuum -jacketed Vigreux column gave the  fo llow ing f r a c t io n s :
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1 170-174° iu^ l.4857  0 .3 g .
2 174-176° 1.4928 0 .7 g .
3 176-178° 1.4887 0 ,5g .
4 178-179 1.4888 5 . 8g.
F ra c tio n  4 , was a c o lo u rle s s , mobile l iq u id  having a strong  odour. 
A nalysis c i s - l ' : 4 ;2 :3 :4 :5-hexahydro-5:4-benzofuran .
Found: C, 77*6 ; H, 9 .6
CqHir O r e q u ire s :  C, 77*4 ; H, 9.7)5
(1 ) Attempt to  rup tu re  the r in g  of the o is -c y c lio  e th e r
5g . c i s - c y o lio  e th e r were heated under re f lu x  fo r  s ix  hours in  
400ml. sa tu ra te d  hydrdbromic a c id  so lu tio n . The mixture was cooled 
and poured in to  w ater, when a dark  brown o i l  was p re c ip i ta te d .  The o i l  
was ex trac ted  w ith  e th e r , and the  oomblmd e x tr a c ts  were washed w ith  
5)5 sodium carbonate so lu tio n  and f in a l ly  w ith  w ater. This e th e re a l 
s o lu tio n  was d rie d  over calcium  ch lo rid e , and a f t e r  the e th e r  had been 
removed under reduced p re ssu re , the  rem aining o i l  was d i s t i l l e d  Arom a 
semi-micro d i s t i l l a t i o n  a p p a ra tu s . Three f r a c t io n s  were c o lle c te d .
1 l 6o - l64° / 25mm. 2 .5g . 1^ ^ 1.5263
2 165-167 2 . 0g . 1.5267
3 167- 170° 0 .5g . 1.5480
Some decom position of the product occurred during d i s t i l l a t i o n ,  t h i s  
was accompanied by th e  ev o lu tion  o f hydrogen brom ide. A ll the  f r a c t io n s  
r ^ i d l y  darkened in  colour on s tan d in g , although t h ^  were sea led  up 
imm ediately a f t e r  d i s t i l l a t i o n .
A n a ly sis . F ra c tio n  1. T est fo r  u n sa tu ra tio n  was n eg a tiv e .
Found: Br, 40.0^
The fo llow ing compounds are p o ss ib le  products of the re a c tio n ;
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6 r  3 S .2 .  6 r  Sfe.O B r  fe>S.O
CH^OH 
c.H^ 6r 
e»r
c-Hj^Br
e>r to.o
(m) Attempted Tsphugaeff re a c tio n  on c is  -4 ; 5*b i g ( hydro^m e t  hy l ) -cy o l ohexe ne 
The method used was s im ila r  to  the  o r ig in a l  p re p a ra tio n  in troduced  
by Tschugaeff fo r the  sy n th esis  o f an ole f in e  from the  corresponding 
a lc o h o l, (T schugaeff, B e r., 1099» l i ,  5552; I 9OO, 755» 5 H 8 : I 90I ,
2276; 1904, ^  1481; 1901, 4651) .
P u r i f ic a t io n  of re a g en ts .
T o lu en e-th is  was d ried  over sodium and then  d i s t i l l e d .  The f ra c t io n  w ith , 
b .p . 110. 6° , was c o lle c te d .
Carbon di su lp h id e - th is  was d ried  over calcium  ch lo ride  and th en  d i s t i l l e d .  
The f r a c t io n  w ith , b .p .  46.5°» vas c o lle c te d .
A s o lu t io n  of 20g. (1 .0  m ol.) p is  -4 ; 5-b i  s6y dr oxymet hyl ) -  cy c l  ohe xe ne 
in  15g . to lu en e  was heated  to  bolli%% on an o i l-b a th , and 6 . 6g . f re s h ly  
out sodium was slowly added in  about 0 .5 g . q u a n t i t ie s .  At f i r s t  a 
v igorous re a c tio n  occurred accompanied by the  separa tion  of th e  s o l id  
sodio-Gompound. The r e a c t io n  subsided as ad d itio n s  of sodium were 
con tinued . The m ixture was heated under r e f lu x  and s t i r r e d  vigorously for
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one hour on an o il-b a th  a t  170-180 , and then  heated  s tro n g ly  on a 
m eta l-ba th  fo r  e ig h t hours w ith  continuous s t i r r i n g .  At t h i s  s tage  the 
re a c tio n  m ixture was very v isco u s and some unchanged sodium was v i s ib le .
The s o l id  was washed w ith  to lu en e  in to  a m ixture of 250ml. dry e th e r  and 
26g. ( 2 .4  m ol.) carbon d i su lph ide contained  in  « jiitre  f l a s k .  Immediately 
a yellow  p r e c ip i ta te  was formed. The m ixture was heated f o r  t h i r t y  m inutes 
on a w a te r-b a th , then  cooled , and to  i t  was added 60g . ( ) .0  m ol.) methyl 
io d id e . No immediate re a c t io n  was observed, but as the  m ixture was 
heated under re f lu x  on a w ater-bath  the  yellow  p re c ip ita te  was rep laced  
by a fin e  w hite powder, idiich was presumably sodium io d id e . The so lid  was 
f i l t e r e d  o f f ,  and the yellow  f i l t r a t e  was d r ie d  over anhydrous magnesium 
su lp h a te . The so lv en ts  were removed under reduced p re s su re , and the 
p a le  yellow  o i l  which remained could not be s o l id i f i e d .  A drop of t h i s  
o i l  gave a p o s it iv e  t e s t  fo r  u n sa tu ra tio n  w ith  a  so lu tio n  of bromine in  
carbon te tr a c h lo r id e  thus in d ic a tin g  th e  presence of the oyolohexene 
sk e le to n . The o i l  was d i s t i l l e d  from a m eta l-b a th , and ao
f r a c t io n ^ b .p . 180-184° was c o lle c te d  when th e  d i s t i l l a t i o n  f la s k  was 
heated  to  230°. This f r a c t io n  was a p a le  yellow , fo u l-sm e llin g  l iq u id  
which was r e d i s t i l l e d .  The th re e  f r a c t io n s  co llec ted^
1 b .p .  178- 180° 1 .7 g .
2 b .p . 180-186 1 . 3g .
3 b .p . 186-187 3 ' 2g .
in d ic a tè d  th a t  no fu r th e r  change had occurred during  th e  second 
d i s t i l l a t i o n .
The m odified  Tschugaeff re a c tio n  of Whitmore and Simpson,
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(jJ. Amer# Chem# Soc. ,  1935» 22^ )810) was t r i e d  on o l8 -4 :5 -b is  
(hydroxym ethyl)-Gyclohexene# The f i r s t  s tage  involves th e  re a c tio n  
between f in e ly  powdered sodium hydroxide and the d io l in  a mixture of 
e th e r  and carbon te tra c h lo r id e #  This was a lso  unsuccessfu l as a method 
of producing the  req u ired  o le f in e , 4 :5 -d lm ethy lenecyclohexene.
-  5 5  -
S ec tio n  I I  
D iscussion#
o i s - T e trahyd roph tha lic  anhydride was prepared in  good y ie ld  
by th e  D ie ls  Alder r e a c t io n  between butadiene and m aleic anhydride; the 
procedure of^eaving th e  re a c ta n ts  stand ing  in  benzene so lu tio n  fo r  
tw en ty -fou r hours a t  room tem perature g iv es  y ie ld s  as high as those 
obtained  in  th e  o lder methods which involved hea tin g  the  re a c tio n  
m ixture to  100 °( Die Is  and Alder, Annalen,1927, 459» H ) )#
c is  - 4 :5-B is ( hydr oxymet hyl ) cy ol ohexe ne was produced in  two ways,
(a )  by red u c tio n  of th e  anhydride w ith  lith iu m  aluminium hydride in  
a Sohxlet appara tu s , and (b ) by red u c tio n  of the e th e r  so lu b le  methyl 
GiB-cyclohexene-4:5-<lloarboxylate w ith lith iu m  aluminium hydride# I t  
was found in  t h i s  red u c tio n  th a t  the in tram o lcu la r fo rm ation  of the 
c y c lic  e th e r  was caused by decomposing the  red u c tio n  conplex with 20^ 
su lp h u ric  ac id  so lu tio n , i t  was a lso  produced when the d io l  was 
d i s t i l l e d  a t high p ressu res#  The b e s t y ie ld  of d io l was obtained by 
reducing  the dim ethyl e s t e r ,  and u sing  d i lu te  hydroch lo ric  acid  to  
decompose th e  coup lex# Haggis and Owen (jJ#, 1953» 389) e s ta b lish e d  the 
s te r e o - s p e e l f ic i ty  of t h i s  method in  t h e i r  s tu d ie s  of the  red u c tio n  hy 
lith iu m  aluminium hydride of dim ethyl- t r a n s - hexahydrophthalate, c i s -  
hexahydrophthalic  anhydride, and c i s - d ie th y l  hexahydrophthalate .
The b a s is  of the method o f p re p a ra tio n  of th e  d i-£ - to lu e  ne sulphonyl 
d e r iv a tiv e  of o is - 4;5 - b i s (iodom ethyl)cyol ohexe ne was ob tained  from th e  
paper by Haggis and Owen (idem, ib id # , p#394) on A licy c lio  G lycols P a rt 
V III , in  which they  study th e  re a c tio n s  of 1 ; 2- b i s ( hydroxymethyl) çyclo - 
hexane# The y ie ld  of q is-su lp h o n io  e s t e r  obtained was not good (see  p#46 )
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but t h i s  i s  a t t r ib u te d  to  the sim ultaneous form ation of th e  cgrolic 
oxide whidi was id e n t i f ie d  in  the p ro d u c ts . The o i s -4 ;5 - b i s  
( i  odomet hyl ) oy o l ohexe ne prepared  from th e  c i s - sulphonic e s te r  was 
not p u r i f ie d  by d i s t i l l a t i o n ,  as th e  only attem pt to  do th i s  caused 
severe  decom position of the  cos^ound, th is  i s  probably because a 
p ressu re  below l.^ iw a . could not be o b ta in e d . The co n d itio n s given 
fo r  the  d i s t i l l a t i o n  of a s im ila r  type  of compound, o i s - 1 12- b l s (iodo- 
me th y l ) cy c lohexane, by Haggis and Owen, ( id em .ib id . ,  p .  395) are 
b .p .  100°(bath)/0.002m m . Ihe alm ost th e o re tic a l  y rè ld  of sodium 
to lu en e-^ -su lp h o n a te  produced in  the  re a c tio n
may be an in d ic a t io n  o ^ h e  p u r i ty  o f t  he d i- io d id e  ob ta ined .
The Hofmann degradation  was su ccessfu l, b u t the f a i lu r e  to
is o la te  4:5 -dime th y l  ene qy c l ohexe ne seems to  in d ic a te  th a t  the
iso m érisa tio n  to  form £-xylene must occur d u rin g  the  f in a l  d i s t i l l a t i o n s .
T ests  fo r  u n sa tu ra tio n  on samples of the  d i s t i l l a t e  obtained fr<m
th e  degradation  o f the  quaternary  ammonium hydroxide d id  no t prove
conclu sive ly  t h a t  4 :5 -d i methylene oyolohexene wais p re s e n t . The product
obtained  from th e  d i s t i l l a t i o n  of the crude hydrocarbon (see  p.^^9 )
gave a negative  t e s t  fo r u n sa tu ra tio n . The physica l p ro p e rtie s
o 25recorded  f o r  th i s  product were, b .p .  143 * n^ 1.5019* which compare 
favourab ly  w ith  those  of jo-xylene. L ite ra tu re  va lues given fo r  th e  
b o ilin g -p o in t of £-xylene vary between 142°, and 144.7°; B g lo ff, 
(P hysica l C onstan ts of Hydrocarbons, I 946, I I I ,  65) quotes, b .p .  144.18°,
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and as accepted p h y sica l c o n s ta n ts .
On c o n s id e ra tio n  of th e  e n e rg e tic s  of the  system,
-[ 0 ::]-0 :'
i t  i s  not su rp r is in g  th a t  jo-xylene is  fo m ed  in  preference  to  4 :5 -  
dim ethylenecy c l ohexe ne, s in ce  jo»xylene i s  more s ta b le  to  th e  ex ten t 
of the  resonance energy of the  benzene r in g  ay stem.
E
3bK.Wm^  ^
fl.-X'ylene,
Ex hen*- oÇ- rcachion.
The la c k  of success in  the  a tte n p t to  carry  out the Tschugaeff 
r e a c tio n  on c i s - 4 : 5- b i s ( hydroxyiaethyl)oyclohexene i s  a t t r ib u te d  to  th e  
f a i lu r e  to  form th e  d i-so d io  d e riv a tiv e  of the d io l .  There i s  no 
doubt th a t  th e  sodium and the  d io l did r e a c t  to g e th e r , b u t the mono-sodio 
d e riv a tiv e  was p re c ip ita te d  immediately on form ation , and th e re fo re , the  
in tro d u c tio n  of ano ther sodium atom in to  th e  molecule becomes very 
d i f f i c u l t .  Assuming th a t  th e  p rep a ra tio n  proceeded as f a r  as to  form 
the mono-methyl xan thate  e s t e r ,  the d i s t i l l a t i o n  of t h i s  compound d id  
not cause any decom position to  produce 4-hydroxymethyl«#5-m ethylene-  
oyolohexene. The yellow  l iq u id  obtained (see  p#5? ) con ta ined  su lphur, 
and was thought to  be , O cM^oes^ <
CHJ.OH
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Whitmore and Simpson, (£• Amer. Chem. Soc. ,  1955» 55» 5810), have 
po in ted  out th a t  th e  c h ie f  o b stac le  in  applying the  ^schugaeff re a c t io n  
to  prim ary a lc o h o ls , i s  th e  s t a b i l i t y  of some prim ary xan thates towards 
h e a t .  Some can be d i s t i l l e d  vacuo, and even when bo iled  a t  atm ospheric 
p ressu re  th e i r  decom position i s  slow and in co iiç le te , so th a t  l i t t l e  or 
no yâiild  of o le f in e  can be ob tained .
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S ec tio n  I I I .  P a r t  1 .
Anomalous Reductionsof 2 :2*-d la c e ty l d i phenyl.
In tro d u c tio n .
Only two compounds In th e  2 :2*-d la lk y ld lp h en y l s e r ie s  have been  
p repared , these are  2:2*-d im ethy l- and 2:2*-d ie th y  1 -d iphenyl. The 
farm er was p repared  as e a r ly  as 186? by F l t t l g ,  ( Annalen, 1S67# 138, 1?8) 
from th e  re a c tio n  between sodium and ^-brom otoluene. This method was 
l a t e r  improved by Ullmann ( Anaalen, 1904, 332, 42), who heated jo-iodoto- 
luene w ith  copper f o r  th ree  hours a t  a tem perature c f  2) 0°; In  t h i s  wgy 
he sy n th esised  2;2*- d i m e t h y I d l p h e b . p .  2 )8°, m .p. 17#8°. Since then 
t h i s  hydrocarbon has been very thoroughly s tu d ied .
2 ; 2 * -Die thy  Id  Iphe ny 1 was s im ila r ly  prepared by Mas care H i  and Longo 
(G a z z e tta .,  1941, 71, 289), in  th e  re a c t io n  between £-iodo-ethy lbenzene 
and cq )per a t  2) 0°; the hydrocarbon, b .p .  147°/14-l)m m ., was produced, 
and no o ther d a ta  were recorded fo r  t h i s  compound.
An attem pt was made to  sy n th e s is  2 :2* -d ie th y ld ip h en y l and some new 
h ig h er members of the 2: 2* -d la lky ld ipheny l s e r ie s  u sing  th e  fo llow ing  
p o ss ib le  fo u r-s ta g e  eyn thesis:
I I Qik 6v
yC>e#T\«int.r»sg.n 
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T his was adopted s in c e  the p re p a ra tio n  of some of the  £-iodo-alky lbenzenes 
fo r  th e  Ullmeum re a c t io n  would be d i f f i c u l t ,  and i t  was probable th a t  
w ith  increased  ch a in -len g th  of the  a lk y l group the  y ie ld s  of the Ullmann
-  6o -
products  would be poor.
The experim ental work th a t  fo llow s shows how the  anomalous
r e s u l t  of the  Clemmensen red u c tio n  on 2 :2 * -d iace ty ld ip h en y l le d  to
an in v e s tig a tio n  of the re d u c tio n  of th is  compound by the  Huang 
r
Minion, M e^ein-Ponndorf-V erley  methods, and w ith  lith iu m  aluminium 
h y d rid e .
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S e c t i o n  I I I .  P a r t  I .
Experimental.
P re p a ra tio n  of 9; 10-phenanthraquinone.
The method of L instead  and Levine, ( J .Amer. Chem. Soc., 1942, 6 4 ,2 02)) 
was u sed . )00G. (2 .0  mol. ) potassium  dichroraate were added in  sm all 
q u a n t i t ie s  to  a s t i r r e d  hot m ixture of lOOg. (1 .0  m ol.) ccmmeroial 
phenanthrene in  )0 0  m l. concen tra ted  su lp h u ric  ac id  and 1 . )  1 . w ater.
When the  a d d itio n  was oonplete, s t i r r i n g  and h e a tin g  were continued f o r  
one hour, and w ater was then added to  increase  the volume to  about 4 l i t r e s  
The p re c ip ita te d  so lid  was f i l t e r e d  o f f ,  and re tu rn e d  to  a beaker f o r  
f u r th e r  ox idation  in  a hot s o lu tio n  of 2)0 m l. co n cen tra ted  su lphu ric  
ac id  and 6)0 m l. w ater, w ith 17)g* (1 .0  m ol.) potassium  dichrom ate. The 
crude quinone was is o la te d  as be fo re , and then heated  w ith )  1 . w ater, 
and 2 kg. sodium b is u lp h ite  u n t i l  a l l  th e  quinone had re a c te d . The s o l id  
sodium b is u lp h ite  a d d itio n  confound was separa ted  by f i l t r a t i o n  ( t h i s  
s tag e  se p a ra te s  th e  product from anthraquinone which forms a  so lub le  
a d d it io n  compound), and tr e a te d  w ith  concen tra ted  sodium hydroxide 
s o lu t io n  to  reg en era te  the phenanthraquinone. The product was f i l t e r e d  
o f f ,  thoroughly  washed w ith  w ater, and th en  r e c r y s ta l l i s e d  from g la c ia l  
a c e t ic  ac id  a f t e r  h e a tin g  the so lu t io n  under r e f lu x  f o r  te n  m inutes w ith  
d eco lo u ris in g  c h a rc o a l. ) 6G. (48^) phenanthraquinone, m .p. 20)-206°, were 
o b ta in ed .
T his p re p a ra tio n  was repeated  using  phenanthrene (P u riss )  which gave 
a f t e r  th e  second o x id a tio n  a  p roduct having a m eltin g -p o in t of 208-2d9^^ 
A f te r  the  fo rm ation  airi ^  ^he b is u lp h ite  compound, fo l lo s e d
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by r e o r y s ta l l i s a t io n  from g la c ia l  a c e tic  a c id , th e  m elting  p o in t was 209° .
In  l a t e r  p rep a ra tio n s  of phenantliraquinone, th e re fo re , the fo rm ation  of 
the b is u lp h ite  compound was om itted . L instead  and Levine ( i b id . ,  p.2024) 
quote a m eltin g -p o in t of 205- 207°•
P re p a ra tio n  of 9: lO -dihydroxy-9; 10-dimet liy Iphe nan th r  ene.
T his p re p a ra tio n  was c a rr ie d  out according to  th e  method of Zincke 
and Tropp, (A nnalen ,I9O8, 362, 242) using  m ethyl iodide in s te a d  of methyl 
bromide fo r  th e  p re p a ra tio n  of th e  Grignard re a g e n t.
A G rignard reag en t was p repared  from 4 .6 g . magnesium and )0g . ( ) .0  m ol.) 
m ethyl iodide in  5^^ ml. aitiydrous e th e r .  To i t  was added slowly w ith  
v igorous s t i r r in g  l ) g .  (1 .0  m ol.) f in e ly  powdered phenanthraquinone. A 
b lu ish -g ree n  m ixture was formed. A fter th e  a d d itio n  was complete, th e  
re a c t io n  m ixture was warmed on a w ater-bath  fo r  one hour, and then most of 
the  e th e r  was removed by d i s t i l l a t i o n .  The re s id u e  was heated under re f lu x  
f o r  two hours w ith  69O m l. dry benzene;. The benzene so lu tio n  was allowed 
to  co o l, and poured in to  ice -w a te r and decomposed w ith  d i lu te  su lphu ric  
a c id  so lu tio n , when the  colour changed from green to  orange. The benzene- 
e th e r  lay e r  was is o la te d  and combined w ith  two e th e r  e x tra c ts  from th e  
aqueous la y e r .  Most of th e  e th e r was d i s t i l l e d  from th e  e x tr a c t ,  and the 
rem aining s o lu t io n  was heated under re f lu x  w ith  deco lou ris ing  charcoal add 
a few copper tu rn in g s  fo r  f i f t e e n  m inutes. The s o lu tio n  was f i l t e r e d ,  and 
th e  so lven t was evaporated  off u n t i l  a pale yellow  so lid  comnsnced to  
sep a ra te  o u t. When th e  so lu tio n  had cooled, th e  s o l id  was f i l t e r e d  o ff  and 
r e c r y s ta l l i s e d  Arom chloroform . 12G. 9 :10-d ihydroxy-9:10-dim ethyl- 
phenanthrene, m .p. l 6l - l 65^» were produced.
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P re p a ra tio n  of 2 î2 * -d lace ty ld ip h eq y l»
The method of Zincke and Tropp (Annalen. I 9O8, 16$;^ )02) 
was used fo r  th i s  p repara tion*
40G* 9 :10-dihydro%y-9: 10-dime thy Iphenanthrene were d isso lved  in  
400 m l. ho t g la c ia l  a c e tic  acid , and to  t h i s  was slow ly added w ith 
s t i r r i n g ,  1 1 .Ig . chromium tr io x id a  d isso lv e d  in  110 m l. w ater. The 
re a c tio n  m ixture was allow ed to  cool, and the d i ketone separa ted  out; 
more was p re c ip ita te d  by d i lu t in g  the  s o lu tio n  w ith w a te r . The pa le  
yellow s o l id  was f i l t e r e d  o ff  and r e c r y s ta l l i s e d  from aqueous a lcoho l, 
m .p. 86-87°# F urther re  c r y s ta l l i s a t io n  from cvolohexane and then  
aqueous a lco h o l ra is e d  the  m eltin g -p o in t to  9^°*
Zincke and Tropp give m.p. 84°.
A y ie ld  of 28g. (70^) of 2:2*-# iace ty Id ip h en y l was ob ta ined .
Attempted Clemmensen re d u c tio n  on 2 :2*-d ia c e ty l  d ipheny l.
P re p a ra tio n  of zinc amalgam.
A m ixture of l)O g. z inc  wool, 11 # )g . m ercuric c h lo rid e , 7 .)  ml. 
concen tra ted  hydroch loric  ac id , and 187 .) ml. water was shaken fo r  
f iv e  m inutes, and the l iq u id  was then  roaoved by d écan ta tio n . 
Clemmensen re d u c tio n .
A m ixture of 114 m l. w ater, and 1)0  m l. concen tra ted  hydrochloric  
acid  was added to  the amalgam, immediately follow ed by th e  a d d itio n  of 
28g. 2 î2 * -d ia c e ty l-d ip h e n y l. The m ixture was warmed on a w ater-bath  
fo r  f i f t e e n  m inutes, and then  heated under re f lu x  fo r  s ix  hours, 
adding 1) m l. concen tra ted  hydroch lo ric  acid  a t  the end of «very two 
hours. The re a c tio n  m ixture was allowed to  s tan d  o v e r n i ^ t .  The
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l iq u id  was separa ted  by d écan ta tio n  from th e  unchanged l in o , and 
s a l te d  out with sodium c h lo rid e , but only a tra c e  of o i l  was formed 
on the  l iq u id  su rfa c e . The unolianged zinc in  the  re a c t io n  f la s k  
appeared to  be coated  w ith  a white s o l id  which was e x tra c ted  
rep e a te d ly  w ith b o illn g js th e r. The e x tr a c ts  were combined and d ried  
over anhydrous magnesium su lp h a te . The e th e r  was removed by 
d i s t i l l a t i o n  leav in g  24.)g . pale  yellow  s o l id  s l ig h t ly  contam inated 
w ith  a sweet sm elling  o i l .  The m eltin g -p o in t of the  crude m ateria l 
was 1)8-140°, and one r e o r y s ta l l i s a t io n  from e th y l a lcoho l produced 
needle  c ry s ta ls ,  m .p. 142-144°, and t h i s  was subsequently  ra is e d  to  144°. 
Inve s t i g a t i  on o fp roduct.
The c ry s ta l l in e  product was te s te d  fo r  the presence of carbonyl 
groups w ith 2 :4 -d in itropheny lhyd raz ine , fo r  u n sa tu ra tio n  with bromine 
in  carbon te t r a c h lo r id e  and potassium  permanganate, and fo r  oa rb ino l 
groups w ith  o C -n ^ h th y l iso cy an a te . All these  t e s t s  gave negative 
r e s u l t s .  The compound was in so lu b le  in  a lk a lin e  so lu tio n s , charred  on 
stand ing  in  co n cen tra ted  su lphuric  a c id , and was extrem ely so lub le  in  
benzene. Analysis showed th a t  i t  was a hydjjcarbon.
Found: G, Z^mQ ; H, 7*0.
The p ic ra te  was p repared , and the orange product was r e c ry s ta l l i s e d  
from e th y l a lcohol to  g ive f in e  need les , m.p. 192- 1$ ) ° .
These r e s u l t s  a re  in  agreement w ith  the  m e ltin g -p o in ts  given f o r  
9 :10-dime thy Iphe nan th re  ne, and i t s  p ic r a te ,  i . e .  144°, and 1$2°,
(Rimmer, C h ris tia n se n , Brown and Sand in , jJ. Amer. Chem. Soc. ,  19)0, 72, 
2298).
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C alcu la ted  fo r ($ : 10-dlm ethyIphenanthrene) C, 9 ).2  ; H, 6 . 8 .#
R eduction of 2g2*-d iaoety ld iphenyl w ith  lith iu m  aluminium hydride.
A reducing m ixture was prepared  from l . ) g ,  ( ) .0  m ol.) lith iu m  
aluminium hydride and 70 m l. anhydrous e th e r .  2 . 0g . ( 1 .0  m ol.)
2 ; 2 *-d iao e ty ld ip h en y l d isso lved  in  dry e th e r  were added dropwise to  
th e  m ixture a t  such a ra te  as to  m ain tain  steady b o ilin g  of the e th e r . 
When the a d d itio n  was complete, the  re a c tio n  m ixture was allow ed to  
s tan d  fo r t h i r ty  m inutes before  decomposing th e  excess of lith iu m  
aluminium hydride w ith  ic e -w a te r. 2# v /v  su lphuric  ac id  so lu tio n  was 
added u n t i l  th e  m ixture became c le a r , arxi the  e th e re a l  lay e r was 
i s o la te d .  The aqueous lay e r  was e x tra c te d  twice w ith  e th e r , and the  
combined e th e r  e x t r a c ts  were d r ie d  over anhydrous sodium su lp h a te .
The e th e r  was d i s t i l l e d  o ff , leav ing  1. 8) g .  c ry s ta l l in e  so lid , m.p. 
1 )0-146°, The product was so lub le  in  e th y l a lcoho l but came down as 
an o i l ,  i t  was sp a rin g ly  solijble in  l ig h t  petroleum  (b .p .  80-100°). 
Three re c iy s  t a l l  i  s a t  ions from benzene ra is e d  the m elting -po in t to  
146-148°. R e o ry s ta l l is a t io n  from aqueous a lcoho l d id  not a l t e r  the  
m e ltin g -p o in t. The mixed m e ltin g -p o in t given on admixture w ith 
9 : 10-dim ethyIphenanthrene (m.p. 144°) was 124-1)2°.
Found: C, 79*3 $ H, ? . ) .
^16^18^2 Q^hydroxyethyl)-d ip h en y l) re q u ire s , C, 7 9 .) ,
H, 7 .3 4
There appeared to  be two confounds p resen t in  the  crude product, one, 
m .p. 146- 148°, (p rism s) 2: 2*- b i s ( oC-hydroxyethyl)diphenyl which was 
le s s  so lub le  in  benzene than a very small q u an tity  of 2: 7-d ihyd ro -2 : 7-
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. dime thy  1 -5 :4 -)  : 6-dibenzox0p in  p re se n t in  th e  form o f n eed les . The 
l a t t e r  caused tlie  d ep ress io n  in" m eltin g -p o in t in  the  e a r ly  s tag es  of 
th e  p u r i f ic a t io n  of th e  p roduct.
D ehydration of 2 ;2 * -b i s ( oL-hydroxyethyl)-diphenyl.
2G. powdered d io l  were heated  on a w ater-bath  fo r  one hour w ith  
50 m l. 20# su lp h u ric  aoid s o lu t io n . A p a le  yellow o i ly  lay e r , having 
a p lea sa n t odour was formed, and some needle c ry s ta ls  sublimed on to  
the s id e s  of tlie f la s k .  The p roduct was e x tra c te d  w ith e ther and d r ie d  
over anhydrous magnesium su lp h a te . The solvent was evaporated o ff , and 
th e  re s id u a l  o i l  was r e c r y s ta l l i s e d  from e th y l a lc o h o l. N eedles, m .p .78°, 
were ob ta ined .
Found: C, 8 ).9  ; H, ? . ) .
^ 16^ 16^ ( 2 : 7-d ih y d ro -2 ; 7 -d im ethy l-): 4 - ) ;6-d ibenz oxep i  n)
r e q u ire s ,  C, 85.7 ; H, 7*2.#
Attempted Huang Minion red u c tio n  on 2 :2 * -d ia ce ty ld ip h en y l.
A m ixture of 20g. 2 :2  * -d i ace ty  Id ipheny l, 14g. sodium hydroxide, 
and 20 m l. 85# hydrazine hydrate s o lu tio n  in  200 m l. t r ie th y le n e  g ly co l, 
was heated  under r e f lu x  fo r  two h o u rs . The re a c tio n  mixture was 
d i s t i l l e d  f re e  of w ater and excess of hydrazine hydra te , u n t i l  i t s  
tem perature rose  to  195°. I t  was th en  heated under re f lu x  fo r  a 
fu r th e r  four h o u rs . The viscous mass^roduoed, and th e  aqueous d i s t i l l a t e ^  
were ex trac ted  w ith e th e r  sev era l tim es. The e x tra c ts  were combined, 
washed w ith  w ater, and d ried  over anhydrous magnesium su lp h a te . A fte r 
th e  e th e r  had been removed, about 20 m l. pale  brown o i l  remained which
-  6? -
was d i s t i l l e d  under reduced p ressu re . The follow ing f r a c t io n s  were 
o b ta in ed .
A 156-158V6nnn. 6 .8g . Very v iscous l iq u id .
B 158-163 ** 2 .8 g . Pale yellow  l iq u id .
H eating was continued, b u t although the  tem perature ro se  rap id ly
to  190° , no d i s t i l l a t e  came over, and deconç)osition was observed to
be tak in g  p lace  in  the d i s t i l l a t i o n  f l a s k .  At th is  s tage  heating
was stopped . As th e  appguratus cooled, needle c ry s ta ls  sep ara ted  out
in  the  condenser and in  th e  d i s t i l l a t i o n  f la s k ;  th ese  were e x tra c ted
w ith , and r e c r y s ta l l i s e d  from e th y l a lc o h o l. The p ro d u c t, m .p. 14)-144^
formed a p ic ra te ,  m.p. 193°. The mixed m eltin g -p o in t ob tained  w ith the
p ic ra te  of au th en tic  9 : lO -dim ethylphenanthrene was unchanged, i t
th e re fo re  may be concluded th a t  9 : lO-dimethy Iphe nanthre ne i s  one of
the  p roducts of th e  Huang Minion red u c tio n  on 2 ;2 * d ia c e ty ld ip h e ry l.
F ra c tio n  A, p a r t ly  s o l id if ie d  on stan d in g  to  form a waxy, s o l id ,
m.p. 42-44°. Complete s o l id if ic a t io n  of th e  product was achieved by
coo ling  to  0°, and a f te r  re cry s t a l l  i s  a t  ion from e th y l a lc o h o l, a s o l id ,
m.p. 46-48°, was produced. This compound gave a negative t e s t  fo r
("Ke- poesï-fic.e. oV- OL. c-aoboo>^V ^ o o o p , b o l“ o - posiH fv t. b tsb
u n sa tu ra tio n  w ith  bromine in  carbon te t r a c h lo r id e ,  and w ith  potassium  
perm anganate.
Pound: C. 92.8  ; H, 7 .0 .^
The a n a ly s is  shows th a t  the compound i s  an unsa tu ra ted  hydrocarbon.
An e s tim a tio n  of double bonds w ith bromine in  carbon te t r a c h lo r id e , 
in d ic a te d  th e  presence of one double bond.
F ra c tio n  B, deposited  some needle c ry s ta l s  which were id e n tif ie d  
as 9 : 10-dinB thylphenanthrene, and the rem aining pale yellow  l iq u id
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was foundjtocontain seme of the  u n sa tu ra ted  hydrocarbon iso la te d  in  
f r a c t io n  A*
P a r t of th e  brown g lassy  re s id u e  in  th e  d i s t i l l a t i o n  f la s k  was 
d isso lv e d  in  hot g la c ia l  a c e tic  a c id , and on coo ling , a pa le  yellow 
s o l id  was is o la te d  which melted over a very wide range of tem perature* 
F u rth e r  trea tm en t w ith oy ol o-hexane d id  not p u rify  th e  product; i t  was 
considered  to  be a hydrocarbon m ix ture, as ap art from g la c ia l  a c e t ic  
ac id  i t  was so luble only in  hydrocarbon so lv en ts , e .g .  benzene, to lu e n e , 
cy c lohexane.
Hydrogenation oj^rysaturated hydrocarbon*
l.OG hydrocarbon in  125 m l. g la c ia l  a c e tic  a c id  was hydrogenated 
over platinum  oxide c a ta ly s t  fo r  one and a h a lf  hours at a p ressu re  of 
64 I b s . / s q . in c h .  120 m l. so lv en t were d i s t i l l e d  o ff , and the  rem aining 
l iq u id  was poured in to  a large  volume of w ater, and th e  p re c ip ita te d  o i l  
was e x tra c te d  w ith e th e r .  The e x tra c t  was washed in  tu rn  w ith 10# 
sodium carbonate s o lu tio n  and w ater, and d ried  over anhydrous magnesium 
su lp h a te . The e th e r  was d i s t i l l e d  o f f , leaving 0 .7 g . sw eet-sm elling o i l .  
T ests  fo r  u n sa tu ra tio n .
The product was te s te d  w ith bromine in  te t r a c h lo r id e ,  and th e  
so lu tio n  was d eco lo u rised  veiy  slowly in  the co ld , bu t when heated , i t  
deco lou rised  ra p id ly  with vigorous e v o lu tio n  of hydrogen bromide.
Baeyer T es t. A drop of the product was d isso lv ed  in  e th y l a lcoho l 
and two drops of 1# potassium  permanganate so lu tio n  were added; no 
brown co lou ra tion  or p re c ip ita te  were farmed. T h is shows th a t  th e  
u n sa tu ra ted  hydrocarbon had been su c c e ss fu lly  hydrogenated.
Attem pt to  oxidise hydrogenation p ro d u c t»
0.4G. sa tu ra te d  hydrooarbon wasjheated under re f lu x  with 2g* 
potassium  permanganate, and potassium  hydroxide in  $0 ml# w ater 
fo r  two days# A fter t h i s  trea tm en t, the excess of permanganate was 
reduced w ith sulphur d io x id e , and the o r ig in a l hydrocarbon was ob ta ined .
Atteng)t to  oxidise u n sa tu ra ted  hydrocarbon.
O.^G# u n sa tu ra ted  hydrocarbon was heated  under re f lu x  w ith l .^ g .  
n itrobenzene , and 2g. sodium hydroxide in  20 ml. w a te r . In v e s tig a tio n  
of the product proved th a t  no re a c t io n  had taken p la c e .
R eac tion  between 2 :2^-d iace ty ld ipheny  1 and hydrazine .
A m ixture of 2 .0 g . 2 :2 * -d iace ty ld ipheny l and l.O g . %% hydrazine 
hydra te  so lu tio n  was d isso lv ed  in  e th y l a lco h o l, and the  so lu tio n  was 
warmed on a w ater-bath  fo r f iv e  m inutes. Water was added dropwise 
u n t i l  an o i l  was p re c ip ita te d , and th e  m ixture was allowed to  stand 
overn igh t a t  0^. Some c ry s ta ls  se p a ra ted  ou t, and th e  remaining o i l  
was c ry s ta l l i s e d  by v igorously  s t i r r in g  the m ixture. The s o l id  product 
was f i l t e r e d  off, and r e c ry s ta l l i s e d  tw ice from aqueous e th y l a lco h o l, 
and tw ice from abso lu te  a lcoho l. P rism s, m.p. l6 7 -l6 8 ^ , were ob ta ined . 
Found: 0, 82.0  5 H, 6 .2  ; N, 11 .8 .^  A negative t e s t  f o r  u n sa tu ra tio n  
was ob tained  with t h i s  compound and a so lu tio n  of bromine in  carbon 
te t r a c h lo r id e .
A m ixture of 0 . ) g .  of the above n itrogen  co n ta in in g  compound, and
0. 2g . sodium hydroxide In  ^ ml. tb ie th y le n e  glycol was heated  on a m eta l-
The r e a c t io n  m ixture was allowed to
ba th  f o r  th re e  hours a t  220-240.
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c o o l, e x tra c te d  w ith  e th e r ,  washed w ith  w ater, and d r ie d  over anhydrous 
sodium su lp h a te . The e th e r  was evaporated o f f , leav ing  about 0 .2g . 
p a le  yellow  needle c ry s ta ls .  A fter r e c ry s ta d l is a t io n  frmn e th y l 
a lco h o l, c o lo u rle s s , need les, m .p. 144.^° were produced. A m eltin g - 
p o in t of 144^, was obtained when a sample of th e  product wsis mixed 
w ith au th en tic  g: 10-dim ethylphenanthrene. A p ic r a te ,  m.p. 193*5^, 
was prepared from th e  p roduct.
I t  i s  ev iden t th a t  9:10~di«Bthylphenanthrene is  the  product of 
decom position of the  compound ob tained  from th e  re a c tio n  between 2 :2*- 
d iace ty ld ip h en y l and hydrazine.
R eaction  between 2 ;2 * -d iace ty ld lp h en y l and sodium hydroxide.
3.0G* 2:2*-d iace ty ld ip h en y l were heated w ith  2 .1 g . sodium 
hydroxide in  50 m l. tb ie th y len e  g ly c o l to  a tem perature of 220^.
A vigorous re a c tio n  was observed to  take p la c e . The mixture was allowed 
to  cool to  150^, and was m aintained a t  th is  tem perature  fo r two hours. 
The product was e x tra c te d  w ith  e th e r , washed with w ater, and d r ie d  over 
anhydrous magnesium su lp h a te . The e th e r  was e v ^ o ra te d  off, and the 
yellow  o i l  which remained formed a g lassy  so lid  on s tand ing . A sample 
o f the product gave a p o s itiv e  t e s t  fisr u n sa tu ra tio n  w ith bromine in  
carbon te t r a c h lo r id e .  The so lid  was sparing ly  so lu b le  in  a lc o h o l and 
l ig h t  petroleum , bu t re a d ily  so lub le  in  benzene, oyclohexane, and o ther 
hydro-carbon so lv e n ts . An attem pt t o  p u rify  th e  product from oyclo- 
hexane produced a l i # i t  brown s o l id  havl]% a m eltin g -p o in t which covered 
a wide range o f tem perature.
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Attempted Meerwein-Ponndarf-Verley reduc tion  on 2:2*-d la o e ty l-d lp h e n y l.
Prep a r a t i  on of alumi nlum i s  opr  o p  o x  ide •
I 3 .3G* aluminium f o i l  were washed in  tu rn  w ith d ilu te  sodium
hydroxide s o lu tio n , w ater, acetone, and then  d r ie d .  The f o i l  was cu t
in to  sm all p ie c e s  and added to  1^0 m l. dry isop ropy l a lcoho l, ( d i s t i l l e d
from fre sh ly  p repared  calcium  ox ide), and 0 .25g . m ercuric c h lo r id e . The
m ixture was heated  to  b o ilin g , and 2 m l. carbon te trac h lo rid e ^  which a c ts
as a c a ta ly s t  fo r  the re a c tio n  between aluminium and d ry  a lc o h o ls , were
added. Heating under re flu x  was continued fo r  fo u r hours. The excess
of isop ropyl a lcohol was removed under reduced p ressu re  of 20mm. by
oh ea tin g  the f la s k  i n  an o il-b a th  a t  90 • The condenser was removed, 
and a re c e iv e r  was a ttached  d i r e c t ly  to  the d i s t i l l a t i o n  f l a s k .  The 
tem perature of the  bath  was ra is e d  to  170^, and 59*9g* viscous 
aluminium iso p rop oxide, b .p . 155-145 VlOnsn. were c o lle c te d .
Meerwe1 n-Ponndorf-V erley re a c t io n .
10 .OG. (1 .0  m ol.) 2;2*-d ia cety Id ip h ery  1, 51g* (19*0 m ol.) aluminium 
isopropoxide, and 210 ml. dry iso p ropyl a lcoho l were heated on a w a ter- 
b a th . The vapour was passed through a v e r t ic a l  d o tb l e -su rface  condenser 
(w ithout w ater flow ing) and then  through an in c lin e d  double-su r face 
condenser (w ith  w ater flow ing). The f i r s t  f iv e  drops of d i s t i l l a t e  gave 
a  p o s itiv e  t e s t  f o r  the presence of acetone w ith  O.ljS 2 :4 -d in itropheny  1- 
hydrazine so lu tio n  in  d ilu te  hydroch lo ric  ac id . The d i s t i l l a t i o n  was 
continued a t  the r a te  of e ig h t drops per minute f o r  one and a h a lf  hours, 
te s t in g  fo r acetone at re g u la r  in te r v a ls .  When a negative t e s t  was 
obtained  a t the  end of th is  period , co ld  w ater was passed through the
m 72 —
v e r t i c a l  condenser, and the re a c tio n  m ixture was heated  under r e f lu x  fo r  
f i f t e e n  m inutes. The d i s t i l l a t i o n  was r e s ta r te d ,  and the t e s t  f o r  
acetone in  the d i s t i l l a t e  was negative , thus ebowing th a t  the r e a c t io n  
had f in is h e d .
Most cf the so lven t was removed under reduced p re ssu re , and the 
re s id u a l  s lu rry  was t r e a te d  with d i lu te  h y d ro d ilo ric  a c id  so lu tio n  (70 m l. 
co n cen tra ted  hydroch lo ric  acid  in  2^0 m l. w a te r) . An o ily  white product 
was formed which was e x trac ted  w ith  e th e r  and d ried  over anhydrous sodium 
s u lp h a te . The so iv en t was d i s t i l l e d  o ff , and a p a le  yellow  viscous l iq u id  
rem ained which became cloudy a f te r  stand ing  fo r  tw enty-four hours a t  0° .  
The product appeared to  be a m ixture, and a l l  a ttem p ts to  is o la te  pure 
compounds were u n su ccessfu l.
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S e c t i o n  I I I .  P a r t  I .
DiscuBsion.
The p re p a ra tio n  of 2 r2* -d iace ty ld ipheny l was accomplished w ithout 
d i f f i c u l ty ,  and the  m eltin g -p o in t of t h i s  compound, (see p . ) and of 
th e  in te rm ed ia te  product phenanthraquinone, (see  p . b z  ) were considerab ly  
h igher than  recorded  l i t e r a tu r e  v a lu e s .
Clemmensen red u c tio n  of 2 :2*-d iacety Id ipheny  1 produced an almost 
q u a n ti ta t iv e  y ie ld  o f 9 : 10-dim ethyIphenanthrene in s te a d  of th e  e3ç>ected 
2 ; 2 * - d ie t  ly  Id lphe n y l. This anomalous re a c tio n  can  be a t t r ib u te d  to  the 
c lose  proxim ity of the oc, pC* carbon atoms of the  ace ty l groups i n  th e  
d ik e to n e .
CO <>.0
CM3 CM^
The mechanism of the Clemmensen red u c tio n  i s  not d e a r l y  understood, 
and in  th is  p a r t ic u la r  case i t  i s  ev iden t th a t  a  c a rb in o l i s  not formed 
as an in te m e d ia te  in  the re a c t io n  s in c e  under th e  e x is tin g  co n d itio n s, 
the c y c lic  e th e r would be the u ltim ate  p ro d u ct.
MO.CH CH.OH W-C.C.H
I t  i s  p o ss ib le , however, th a t  one carbonyl group i s  reduced f i r s t ,  and 
th a t  9 : 10-dim ethylphenanthrene is  then  formed by ths e lim in a tio n  of w a te r .
-  74 -
V4iC CH,
Some o th er anomalous Clemmensen red u c tio n s  on a lip h a tic -a ro m a tic  
ketones have been observed, e .g .  in  the  p re p a ra tio n  of ethylbenzene 
from acetophenone s id e  re a c tio n s  occurred to  produce s ty re n e , styrene 
polym ers, and the pinacolone of acetophenone (S te inkopf and Wolfram, 
Annalen, 1 )2 ), 43Q, 113).
The only d iacetyId ipheny  1 rep o rted  to  have been reduced by the 
Clemmensen re a c tio n  is  4 :4* -d iace ty ld ipherty l e th e r , (Tom ita, J .  Pharm* 
Soc» Ja p a n ., 19)8, 5IC) and th is  gave a normal p ro d u c t, which i s  to  
be expected i f  close proxim ity of carbonyl g ro t^s is  re sp o n sib le  fo r  th e  
d ep artu re  from normal behaviour of 2 :2 * -d ia ce ty ld ip h en y l.
The Huang Minion m od ifica tion  of the  W olff-Kishnsr red u c tio n  
( J .Amer. Chem. Soc. , 1946, 6 s, 2487) was attem pted on 2 :2* - 
d i ace ty  Id i  phenyl. The procedure c o n s is ts  6ft heating  under re f lu x  a 
m ixture of carbonyl compound, 85^ hydrazine hydrate so lu tio n , and about 
th ree  e q u iv a len ts  of sodium t^rdroxide in  t r ie th y le n e  g ly c o l. A fter an 
hour, w ater a ni excess of hydrazine hydrate  are d i s t i l l e d  o ff, and the 
m ixture i s  heated under re f lu x  fo r  a f u r th e r  th ree  h o u rs . This method 
has been used to  p repare diphenylmethane, ii-propylbenzene, and qyclo- 
hexane, from th e  corresponding ketones in  e x c e lle n t y ie ld .
The two products id e n tif ie d  from th e  Huang Minion red u c tio n  on 
2 :2  * -  d i ace t  y Id ip  he nyl were an u n sa tu ra ted  hydrocarbon having an 
a n a ly s is  corresponding to  and 9: by Iphenanthre ne .
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P o ss ib le  s tru o tu re s  fo r  the  unsa tu ra ted  coapound a re .
!! . n"
i. CH,
and these  could  have been farmed in  the fo llow ing  manner.
CO
CM
CO
CaicLol
CM CM
CM
CM^
bu t the  evidence obtained in  subsequent experim ents favoured s tru c tu re  I I .
(a )  The compound was hydrogenated, and th e  sa tu ra te d  product could not 
be ox id ised  with strong a lk a lin e  permanganate so lu tio n ; th e re  i s  no 
doubt th a t  th e  side chains of the  hydrogenation product of ( I )  i . e .  2 :2* - 
d ie th y ld ip h e n y l, would ox id ise  to  give some diphenic ac id , and the
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oorrespond ir^  deoonposition  produots.
(b ) A re a c t io n  does occur between 2; 2 ' -d i  ace ty  Idipheny 1 and sodium 
hydroxide to  form amongst o ther p roducts am un sa tu ra ted  compound, p o ss ib ly
H,C.C
The m ixture produced very much resem bles the  residue l e f t  a f t e r  
d i s t i l l a t i o n  of the u n sa tu ra ted  hydrocarbon from the  p roducts of the  
Huang Minion reaction#
(o) D eterm ination  of double-bonds in  a so lu tio n  of bromine in  carbon 
te t r a c h lo r id e  in d ic a te s  the  presence of one double bond.
(d ) An attem pt to  ox id ise  th e  double bond in  the  u n sa tu ra ted  hydro­
oarbon w ith nitrobenzene in  sodium hydroxide so lu tio n  to  form th e  
corresponding  d i-a ldehyde , was not e f f e c t iv e .  This method has been 
su c c e ss fu lly  used to  prepare benzaldehydes from propenylbenzene compounds, 
I t  i s  th e re fo re , u n lik e ly  th a t ( I )  would be confie te  ly  r e s i s ta n t  to
such trea tm en t.
(e )  U ltr a -v io le t  absorp tion  spectrum .
The p lo t  of the u l t r a - v io le t  spectrum of th e  un sa tu ra ted  hydrooarbon
^ l6 % 4  shown in  f ig .  I I .  In  th e  short-wave band th e  values
^  w ith  an
in f le x io n  a t  A Z,6SO  are obtained. I t  i s  obviais th a t  t h i s  curve
b e a rs  no resemblance to  th a t  shown fo r  2;2*-d in sth y  1 -d iphenyl, which i s  
ty p ic a l  of 2 :2 ’- s u b s t i tu te d  d ip h e iy ls  in  f a i l in g  to  show th e  
c h a r a c te r i s t ic  in ten se  diphenyl band in  the region  2400-2700*^ A.
ocC I.
r-
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l t  th e re fo re  seems u n lik e ly  th a t  the  hydrooarbon can be
232*-d iv iiy Id ip h en y  1 which would be expected to  show some s im ila r i ty  
to  th a t  of 2:2* -d i met by Idipheny 1 .
The u l t r a - v io l e t  abso rp tion  sp e c tra  of sev era l 2;2*-b ridged  
diphenyls have been s tud ied  by Beaven, H all, L e s s l ie , and Turner, 
W#, 1952» 854) ,  and i t  was found th a t  in  genera l these compourkls 
Gowpared w ith  d ipheny l, show a s l ig h t  long-wave s h i f t  of the  h ig h - 
in te n s i ty  band, and a s l ig h t  re d u c tio n  in  th e  in te n s i ty  of the 
maximum* The spectrum of the hydro-carbon does not compare
favourably  w ith  these  r e s u l t s ,  bu t since the  proposed a lte rn a t iv e  
s tru c tu re  is
in  which the 2 :2 '-p o s it io n s  are b ridged  by a s t r a in le s s  seven- 
membered r in g  co n ta in in g  one double-bond conjugated w ith  an arom atic 
system , i t  i s  d i f f i c u l t  to  p re d ic t  the spectrum  fo r  such a compound; 
the  spectrum o f a  s im ila r  ccmpound has not been in v e s tig a te d  to  
enable comparisons to  be made.
However, another p o in t in  favour of the  2 :2 '-b r id g e d  d iphenyl 
s t ru c tu re ,  i s  the  f a c t  th a t  the  u l t r a - v io le t  ab so rp tio n  spectrum 
of the hydrogenation product ( f i g .  I )  i s  alm ost id e n tic a l  t o  th a t  
o f methyl 5 :4*5:6 -d ib en goyolohe p ta -  ) :$ -d ie n e - l-c a rb o x y la te .
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^«ax"5.900 A^^2.480 fe^^ .750 A^,„2.275
Hydrocarbon 6 ^ ^ 1 4 ,9 0 0  A ^ 2 ,4 7 9  ^»i„5 .750 A„i„2.269
In  both  th ese  cu rves, the in te n s i t ie s  of th e  bands and th e i r  lo c a tio n  
are c o n s is te n t w ith the expected a b so rp tio n  c h a r a c te r i s t ic s  of a 
diphenyl not con ta in ing  auxochromic s u b s t i tu e n ts ,  in  which conjugation  
between th e  two benzene r in g s  has been reduced b u t not abo lished  as 
a  r e s u l t  of departu re  from co p lan arity  imposed ty  the th ree -ca rb o n  
chain  jo in in g  the 2:2*-p o s itio n s*  Since th e  th ree-carbon  chain  i s  
s a tu ra te d , the  s u b s ti tu e n ts  in  the r in g s
would be expected to  have l i t t l e  e f fe c t  on the ab so rp tio n  spectrum  of 
the conjugated  ey stem.
I f  th e  hydrooarbon had been 2 : 2 '-d iv in y ld ip h en y l, then  the
hydrogenation product 2 : 2 '-d ie th y ld ip h en y l would be expected to  have an 
u l t r a - v io le t  ab so rp tion  spectrum resem bling th a t  of 2 : 2 '-dim ethyldiphenyl 
in  f i g .  I I .  I t  i s  q u ite  obvious th a t no o ich  s im ila r i ty  e x is ts  between 
them.
The re a c t io n  between 2 : 2 '-d iace ty Id ip h en y l and hydrazine 
hydrate so lu tio n , in  th e  absence of sodium hydroxide was stud ied ; a 
c ry s ta l l in e  compound having the a n a ly s is , C, 82.0; H, 6 .2  ; M, 11.8%, 
was ob ta ined . The^ossible p roducts w ith t h e i r  corresponding analyses 
are as fo llow s:
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W »^ iJ O lb) c, 7fe.2. (p) C,
H, b-  ^ V4^ b.»
'*• * N ,  I I . 9 b
(<*) C, %2_.|
W, b . l  
Nl ,  II 9 b
S tru c tu re s  (o) and (d) have analyses in  c lo se  agreement w ith th a t  
of th e  unknown compound, bu t evidence favouring  s tru c tu re  (c) was 
obtained in  fu r th e r  experim ents.
( i )  The compound d id  not give a  p o s it iv e  t e s t  fo r  u n sa tu ra tio n  
w ith a s o lu t io n  of bromine in  carbon te t r a c h lo r id e ;  a negative  
r e s u l t  would be expected of (c ) but not of (d ) .
( i i )  When the compound was heated w ith  sodium hydroxide in  
tr ie th y le n e  g lycol under conditions s im ila r  to  those in  th e  Huang 
Minion re a c t io n , a  complete rearrangem ent of the  m olecule to  form 
9 :10-dim et by Iphenanthre ne occurred. Such a change seems fe a s ib le  
w ith  the  lo ss  o f n itro g e n  in  ( c ) ,  bu t an u n lik e ly  in tram o lecu lar 
rearrangem ent would have to  take  p lace in  (d ) in  o rder t o  form 
th is  hydrocarbon.
( i i i )  I t  i s  improbable th a t  an in te rn a l  condensation of the  diketone 
to  form (d) would take p lace  in  an a lc o h o lic  so lu tio n  of hydrazine.
( iv )  U ltra -v io le t  ab so rp tio n  spectrum .
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Tho u l t r a - v io le t  absorp tion  of the compound produced in  the  r e a c t io n  
between hydrazine and 2 :2 ’-d iacety Id ipheny  1 i s  p lo t te d  in  f i g .  I I . ,  
and th e  curve which has 6 a t  1) 0, does not show
any fe a tu re s  which are  c h a ra c te r is t ic  o f ab so rp tion  sp e c tra  of 
d ip h en y ls . I f  the  compound had the  s t ru c tu re  (d ) , i t
would be e3pected to  have a spectrum  very s im ila r  to  th a t  of the 
hydrocarbon
which i s  veiy p robably  rep resen ted  by the  curve given fo r  the 
u n sa tu ra ted  hydrocarbon G^gH^  ^ in  f i g .  I I .
The spectrum of a diphenyl b rid g ed  across th e  2 : 2 '-p o s itio n s  
by a conjugated eight-membered ring- has not been in v e s tig a te d . 
T herefo re , i t  i s  no t possib le  to  coaqpare the spectrum obtained 
f o r  w ith  th a t  fo r  such a system in  order to  decide i f
s tru c tu re  (o ) i s  favoured . However, the  two compounds (o ) and 
(d ) are  the only p o ss ib le  products from the re a c t io n  between 
hydrazine and 2 :2 '-d ia c e ty  Idiphe ny l which have analyses in  agree­
ment w ith those ob ta ined , and since  the  epeotrum i s  no t in  favour 
of ( d ) ,  i t  seems l ik e ly  th a t  G^^H^^Hg i s  l :2 -d ia z a -4 :$ -6 :7 -d ib e n z -  
5 : 8-dime thylcy o lo - o c ta -2 : 4 : 6: 8-  te  t r  ae ne *
In  view of the  r e s u l t s  d iscussed , i t  i s  p o ss ib le  to  propose 
a mechanism fo r  th e  anomalous Huang Minion red u c tio n  on 2 :2 '-  
d i ace ty  Idiphe n y l. When the  m ixture of d icarbonyl compound, 
hydrazine  hydrate , and sodium t^drox ide in  t r ie th y le n e  glycol
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i s  heated  two major re a c tio n s  occur, one between th e  carbonyl groups 
and hydrazine to  form .
and the  o ther a type of in tram o lcu la r Aldol condensation  of the 
d i carbonyl corrç)ound in  th e  presence of a lk a l i  to  form,
which r e a c ts  fu r th e r  with hydrazine to  g iv e .
I t  can be seen th a t  strong heating  of these  products fo r sev era l 
hours a f t e r  the  removal of water and ex cess  of hydraz ine  hydrate 
w i l l  produce the two p roducts is o la te d  from th e  r e a c t io n  mixture 
(se e  p .  ^7 )•
V
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The red u c tio n  of 2 :2 * -d iace ty Id ip h e ry l w ith lith iu m  aluminium 
hydride  was q u ite  normal when very d i lu te  su lp h u ric  ac id  was used to  
decompose the in te rm ed ia te  complex# The product 2:2*- b i s ( oC ; «  
dihydroxy d ie th y l)  diphenyl was re a d ily  dehydrated by warning w ith  20jS 
d i lu te  su lphuric  acid# In  th is  way 2 :7 -d ihydro-2 ; 7 -d im ethy l-$ ;4 -$ ;6 - 
d ibenz-oxepin  was prepared#
Ho pure compounds could be is o la te d  from th e  product of the 
M eerwein-Pom dorf-Verley red u c tio n  on 2 :2 ’ -d ia c e ty  id  ip he n y l. A ttem pts 
to  seed the v iscous l iq u id  w ith  2 :2 ’ -b is (  oC: oC*-dihydro3Qrdiethyl) 
d iphenyl and i t s  dehydration  product d id  not i n i t i a t e  s o l id if ic a t io n #  
That re a c tio n  d id  occur, i s  shown by the  d i s t i l l a t i o n  of acetone from 
the re a c t io n  m ixture over the p e rio d  of an hour# I t  i s  d i f f i c u l t  t o  
p o s tu la te  the  course of the re a c t io n  in  th is in stan ce  as i t  has 
p rev io u s ly  been e s ta b lish e d  (Lund, Ber#, 1957, 2Ü* 1^20,; Kern. 
Maanedsblad#, 1956, 2^, 169; Chem# Z en tr#, 1957# 5480)# th a t
red u c tio n  of carbonyl g ro in s in  the Meerwein-Ponndorf-Verley re a c t io n  
does not stop  a t  an in term ediate  s ta g e ; no p in aco l form ation has been 
observed, and p in ao o ls  are not reduced fu r th e r  by aluminium alkoxides#
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Section  II I#  P a r i 2#
In troduction#
Condensation R eactions w ith 2 :2 ’-B is (bromomethy 1 )diphenyl#
The ease of form ation and th e  s t a b i l i ty  of r in g  
compounds derived  from 2 :2 ’ - b i s (bromomethyl)diphenyl were f i r s t  
in v e s tig a te d  by Kenner and Turner ( J . ,  I 9II#  Jgë# 2101; I 915#
105# 615) .  They prepared 9:10-dihydrophenanthrene in  Z% 
y ie ld  from th e  re a c tio n  between the  dibromo-oompouni ani 
sodium, andjlaXev attem pted the sy n th esis  of a seven-raembered 
qyo lic  confound using d ie th y l  malonate as the  condensing 
agent# Kenner found th a t  th e  tendency to  form the seven- 
membered r in g  conpound was so g re a t ,  t h a t  even in  th e  presence 
of two m olecular propcxrtions of d ie th y l m alonate the re a c tio n  
takes th e  same course, saiàjonQ h a lf  of th e  reag en t i s  recovered# 
The d ioarbe thoxyaeste r produced was hydro lysed , and the  acid  
obtained was p a r t ly  decarboxylated to  give 5 :$-d ibenzo- 
oyolohe p ta d ie n e -l-c a rb o x y lio  acid# Attempts were a lso  made 
to  sy n th esise  d e riv a tiv e s  of dibenzo-cyc looo tad ien e . A re a c t io n  
was c a r r ie d  out between 2 : 2 ’ -M s (bromomBthyl)diphenyl and 
1: 1 :2 : 2-te trac a rb e th o x y e th an e , and a p roduct was is o la te d  
having the  expected percentage oonposition , bu t whose m olecular 
w e i^ t ,  which was determ ined c ry o sco p ica lly , was not in  
agreement w ith  the c a lc u la te d  value# Kenner d id  not in v e s tig a te  
th e  ccapound fu rth er#
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In the experlcwnW «eotlon that îollanm  ^ the react ions 
between 212 * (bromawthyl)dlphem l md 1 # 1 ; 2:2-tetr##o@rbeth  ^
oxyethftne, is l t  js^-tetraoerbethoMyprapimf end dietl^l m tbyl- 
mmlonete were aiydied* Structural itodele of the ea^oted 
produete in the fir st two omdewetiem, Wiomed thbt eight-# 
and nine-membered ring oospounda of diphenyl would be of 
omaidereble apeotroeoopio intereet In the study of the 
oonjugation of diphenyl.
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S e c t i o n  I I I #  P a r t  2 .
Experimental#
P rep ara tio n  of dim ethyl diphenate#
Method 1#
P rep a ra tio n  o f d iphenic acid#
The method i s  a m od ifica tion  of the methods of Vorlander 
and Meyer (Annalen#, I 902, 520, 122), Atkinson, Lawler, Heath, 
Kimball, and Read (J^ # Amer# Chem# S oc ., 1941, 750)# and
P ro fesso r E.E# Turner (p riv a te  communication)#
25G# a n th ra n il ic  ac id  in  75®1* w ater and 7$ml. concentra ted  
hydroch lo ric  a c id ,  were d ia z o tise d  between 0^ and 5 ^ w ith 12g# 
sodium n i t r i t e *  The so lu tio n  of th e  diazonium s a l t  was f i l te r e d #  
88g# copper su lphate c ry s ta ls  were d isso lv e d  in  500ml# w ater, 
and 100m l. ammonia (d . 0#880) were added; the  so lu tio n  was 
cooled to  10®. 200g . sodium b is u lp h ite  were slowly added,
follow ed by 200ml# sanmonia (^# 0.880)# This c a ta ly t ic  so lu tio n  
was m aintained a t  a tem perature between 10® and I 5®# and s t i r r e d  
m echanically w hile  the so lu tio n  of the diazonium s a l t  was added 
below the su rface  of th e  l iq u id  from a b u re tte  a t  the approximate 
r a te  of 5ml. p e r minute# S t i r r in g  was continued fo r  a fu r th e r  
t h i r t y  m inutes a f t e r  the a d d itio n  was completed#
A so lu tio n  of 150g. anhydrous f e r r i c  c h lo rid e  in  200ml# 
w ater and 650m l. concen tra ted  hydroch loric  ac id  was poured 
slow ly in to  the  r e a c tio n  m ix tu re . The m ixture was allowed to  
s ta n d  o v e r n i^ t ,  and then f i l t e r e d #  The b u ff-co lo u red
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p re c ip i ta te  was thoroughly washed w ith  w ater, and then  
c ry s ta l l i s e d  from g la c ia l  a c e tic  acid# The y ie ld s  of 
d iphenic  acid  ob tained  in  severa l experim ents v a ried  between 
61^ and 75/5# m#p. 228®#
P re p ara tio n  of dim ethyl diphenate#
A mixture of 75ê* (0#5 m ol.) diphenic ac id , 75g* concen tra ted  
su lp h u ric  ,acid, and 750g* (23 m ol.) methyl a lco h o l, was 
heated  under r e f lu x  fo r  six  hou rs. 600ml# of the  a lcohol were 
removed by d i s t i l l a t i o n ,  and th e  rem aining l iq u id  was poured 
in to  twice i t s  volume of water and thoroughly s t i r r e d .  A l ig h t  
brown p re c ip i ta te  was formed, which was f i l t e r e d  o ff and washed 
w ith  d i lu te  sodium bicarbonate  so lu tio n , and then  w ith water# The 
product was p u r i f ie d  by one trea tm en t w ith  d eco lo u ris in g  charcoal 
and c r y s ta l l i s a t io n  from methyl alcohol# 75g* ( 88^ ) co lo u rle ss  
p rism s, m.p# 74®, were obtained#
Method 2#
P rep ara tio n  of o-iodobengoic acid#
219. 20# a n th ra n il ic  acid  were d isso lv ed  in  2l 60ml. hot 
10^ su lphu ric  ac id , then  cooled and d ia z o tise d  below 5 ° w ith  
llOg# sodium n i t r i t e  in  l 60ml# w a te r . The s o lu t io n  of the 
diazonium s a l t  was slowly added w ith  vigorous s t i r r in g  to  a cool 
so lu tio n  of 400g# potassium  iod ide  in  480ml# 10^ su lphuric  acid
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s o lu tio n  and 240ml* w a te r. The re a o tlo n  mixture was allowed to  
stand  a t  room tenç/erature fo r one hour, and was then  heated  on 
a w ater-bath  w ith oooasional s t i r r in g  fo r  two hours. A few grams 
of sodium m etab isu lph ite  were f in a l ly  added to  remove any f re e  
io d in e . The hea^y p r e c ip i ta te  was f i l t e r e d  o ff , and thoroughly 
washed w ith  w ater. Y ield  of crude acid  58ég. (97/5).
E s té r i f ic a t io n  of o-iodobenzoio a c id .
A s o lu t io n 'o f  175ê- (0#7 m ol.) ^ -iodob^nzo ic  ac id  in  2 .21 .
(55 m ol.) methyl a lcoho l and 87. 4g# concen tra ted  su lp h u ric  
ac id  was heated under re f lu x  fo r  s ix  h o u rs . Most o^the methyl 
a lcoho l was then  removed by d i s t i l l a t i o n  and the  r e s t  o f  the 
l iq u id  was poured in to  a large  volume of w ater. The m ixture was 
n e u tra l is e d  by the a d d itio n  of s o l id  sodium b ica rb o n a te , and 
the  p re c ip i ta te d  o i l  was ex trac ted  w ith  e th e r . The e x tr a c t  was 
d r ie d  over anhydrous magnesium su lpha te , and a f t e r  the  e th e r  had 
been removed by d i s t i l l a t i o n ,  the rem aining o i l  was d i s t i l l e d  
under reduced p re s su re . lAJG. methyl £-iodobenzoate b .p .  128- 129° /  
4mm. were ob tained . Y ield  11$•
P re p a ra tio n  of dim ethyl diphenate (Ullmann method).
55g. (0 .21 mol) methyl _o-iodobenzoate were heated  in  a Pyrex 
b o ilin g -tu b e  in  a m eta l-ba th  to  a  steady  tem perature of 250®.
40G. copper bronze were added in  sm all q u a n t i t ie s .  Each ad d itio n  
was follow ed by a rap id  increase  in  tem perature , and th i s  was
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coun terac ted  by cooling th e  re a c tio n  m ixture down to  2^ 0® in  
a m eta l-ba th  a t 100® befo re  a fu r th e r  a d d itio n  of copper bronze 
was made. A fter the a d d itio n  was completed, the  re a c tio n  
m ixture was m aintained between 2^ 0® and 26o® fo r  th i r ty  m inutes, 
and th en  allowed to  c o o l. The product was e x tra c ted  w ith hot 
^ -d ich lo rbenzene; each ho t e x tra c t was f i l t e r e d  through a f in e  
s in te re d -g la s s  funnel to  remove suspended copper-bronze. The 
so lven t was removed from the f i l t r a t e  under vacuum, and the  
rem aining v iscous, green o i l  s o l id if ie d  immediately on coo ling .
The product was p u r i f ie d  by treatm ent w ith  deco lo u ris in g  charcoa l, 
and c r y s ta l l i s a t io n  from methyl a lc o h o l. 41G. (80^) dim ethyl diphe r a te ,  
m .p. 74®, were obtained .
P re p a ra tio n  of 2 :2 ’ - b i s (hydroxymethyl )d ipheny l.
Th^4ethod of H all, L esslie  and Turner (_J., 1950# 711) was 
used fo r  the  red u c tio n  of dimethyl d iphenate w ith  lith iu m  
aluminium hydride .
A reducing  m ixture was prepared from 14.5g* (2 .0  m ol.) 
lith iu m  aluminium hydride in  600 ml. anhydrous e th e r .  A so lu tio n  
of 64. 7g . ( 1 .0  m ol.) dim ethyl diphenate in  69O m l. anhydrous 
e th e r  was ^dded dropwise to  the m ixture a t  such a r a te  as  to  
n a in ta in  steady  b o ilin g  of the  e th e r . A fter th e  ad d itio n  o f the 
e s te r  was completed, the  re a c tio n  m ixture was allowed to  s tand  
f i f te e n  m inutes before  deconposing the  excess of lith iu m
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aluminium hydride w ith w ater. D ilu te  su lphu ric  a c id  (approx­
im ately  3^ w /v), was added u n t i l  two c le a r  la y e rs  were ob tained .
The e th e r  lay e r  was iso la te d , and the so lven t was removed by 
d i s t i l l a t i o n .  A so lid  remained which was d r ie d  and c ry s ta l l is e d  
from benzene. 46g. ( 90^) 2 ;2 ’ - b i s (l:^ydro3ymethyl)diphenyl, m.p# 
111-112®, were ob ta ined .
P rep a ra tio n  of 2;2*-b is (brom oaethyl)d ipheny l.
800 ml. 48^ hydrobromio a c id  so lu tio n  were heated  to  90® on 
a w ater-bath , and 15g . 2:2* - b i s (hydroaprmethy 1 ) -d ipheny l were 
slow ly added. The re a c tio n  mixture was heated  under re f lu x  fo r  
twenty m inutes, and then  poured in to  a la rg e  excess o f w ater, and 
allowed to  c o o l. A l ig h t  brown s o l id  was f i l t e r e d  o ff , and allow ed 
to  stand overn igh t in  a vacuum d e ss ic a to r  con ta in ing  potassium  
hydroxide p e l l e t s .  The product was tre a te d  w ith deco lou ris ing  
charcoal in  l ig h t  petroleum  (b .p .  60-80®). This y ie ld ed  21g.
(88^) 2 ;2 ’- b i s ( brom omethyl)diphenyl, m .p. 92° .
ejbhojfy
A study of th e  r e a c tio n  between l ; l ;2 :2 - te tra c a rV e th a n e  and
2 :2 ’- b i 8(brom omethyl)diphenyl.
a ) P rep ara tio n  o f l : l :2 :2 - te tra c a rb e th o x y e th a n e .
The method of B ischoff and Raoh, (B e r., 1894, 17, 2781) was used, 
16OG. (1 m o l.) d ie th y l malonate in  I50 m l. anhydrous e th e r  was 
added to  a s o lu tio n  of sodium ethoxide prepared  î r m  2)g . (1 atom) 
f re s h ly  cu t sodium in  400 m l. dry e th y l a lc o h o l. The sodio- 
d e riv a tiv e  o f malonic e s te r  was p re c ip ita te d , and a f te r  gen tly  
warming the m ixture on a w a te r-b a th , 127g* (1 atom) iodine was
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g rad u a lly  added w ith thorough shaking a f te r  each add ition*  When 
th e  ad d itio n  of iod ine  was completed, water was added to  d isso lv e  th e  
p re c ip ita te d  sodium io d id e . The e th e re a l lay e r was separa ted  and 
shaken w ith  10^ sodium th io su lp h a te  so lu tio n , and d r ie d  over anhydrous 
magnesium su lp h a te . The e th e r was removed by d i s t i l l a t i o n ,  leav in g  
a  pale yellow s o l id ,  which a f te r  re  c r y s ta l l i s a t io n  from e thy l 
a lcoho l y ie ld ed  155ê* (84^) prism s, m.p. 78®.
b )  Reaction between 1 :1 :2 ;2 -te tracarbe thoxyethane  and 2:2 ’-b is  
(bromomethyl)di phenyl.
A so lu tio n  of sodium ethoxide was prepared from 4*0g. (2 .0  m ol.) 
f re s h ly  cut sodium in  150 ml. dry a lco h o l. To th is  was added 28g.
( 1 .0  m ol.) l : l ; 2 ; 2-te tracarb e th o x y e th an e , and the  m ixture was 
heated  under re f lu x  fo r  one hour. JOG. (1 .0  m o l.) f in e ly  powdered 
2 ; 2 ’ - b i s (b r omome th y l)  diphe nyl were added, and th e  mixture was 
heated  under re f lu x  fo r  a fu r th e r  twenty hou rs. Most of the 
a lcoho l was d i s t i l l e d  o ff , and th e  remaining s lu r ry  was poured 
in to  w ater. The o i l  and c ry s ta ls  which were p re c ip i ta te d  were 
e x tra c te d  w ith e th e r  and d ried  over anhydrous magnesium su lp h a te .
The e th e r  was d i s t i l l e d  o ff , and the  pa le  yellow  viscous o i l  
which remained p a r t ly  s o l id if ie d  on stand ing  and cooling  to  0®.
The so lid  (2 Jg .)  was f i l t e r e d  o f f  and a f te r  one r e c r y s ta l l i s a t io n  
from l i ^ t  petroleum  (b .p . 40-6o®) gave a product m elting  over a 
la rg e  range of tem perature, 80-102® . This s o l id  was e x tra c te d  
tw ice w ith 10 ml. p o rtio n s  of b o ilin g  l i ^ t  petroleum  (b .p . 40- 60°)#
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and th a  re s id u a l s o l id  ($ .0g) formed c ry s ta l l in e  p la te s ,  m.p. 
IO8 .5 -IO9 , a f t e r  one r e c r y s ta l l i s a t io n  from l ig h t  petroleum
( b .p .  60- 80° ) .
Found: 0, 6?.7  ; H, 6 . I 9 .
C a lcu la ted  f o r  CggH^gOgt C, 67.7 ; H, 6 .$ .#
M olecular w eight. Cryoscopic method.
Found: 363 ; 3)1 ; 584. (In  dry benzene) ^
446 ; 464. ( In  damp benzene).
C a lcu la ted  fo r  4^6. z^.'6^s,2p%
The l ig h t  petroleum  (b .p . 40-60®) e x tra c t  was allowed to  
ev ap o ra te , and about 9g. c ry s ta l l in e  s o lid , m.p. 78®, remained 
which was id e n t i f ie d  as unchanged 1 :1 :2 :2 -te traca rb e th o x y -e th an e .
The o i l  i s o la te d  a f t e r  the  removal of the  s o l id  product 
was d i s t i l l e d  under reduced p re s su re . 6 .6g . v iscous l iq u id  were 
c o lle c te d  between I 50® and l 6o®/lOram., a f te r  which th e re  was 
a tem perature r i s e  to  200®, and ra p id  decom position occurred in  
th e  d i s t i l l a t i o n  f la s k .  The d i s t i l l a t e  p a r t ly  s o l id i f i e d  on 
stan d in g  to  give c ry s ta l s ,  m.p. 75° ( s ta r t in g  m a te r ia l ) .  The 
rem aining liq u id  could not be id e n t i f ie d .
5G. so lid  p roduct, m .p. 108.5- 109°» were heated  under 
re f lu x  w ith 60 m l. sa tu ra te d  a lc o h o lic  so lu tio n  of potassium  
hydroxide fo r twelve hours; m ilder cond itions of h y d ro ly sis  were 
found to  be in e f f e c t iv e .  A fte r removal of the  a lco h o l, tlie 
potassium  s a l t  was d isso lved  in  w ater, and the s o lu tio n  was 
e x tra c te d  with e th e r  to  remove any unchanged e s t e r .  The aqueous
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s o lu t io n  was a c id if ie d  w ith  2% su lphuric  ac id  so lu tio n , and th e  
waxy s o l id  p r e c ip i ta te ,  m.p# 110^(decomp#) was f i l t e r e d  o ff , washed
w ith  w ater and d r ie d . The product was heated  to  1^0^ in  a m etal- 
bath  f o r  t h i r t y  m inutes, and the evo lu tion  of carbon d iox ide and 
w ater was observed. Hot, 20^ sodium carbonate s o lu tio n  was used
to  e x tra c t  th e  product; the e x tra c t was washed w ith e th e r .  The 
aqueous s o lu tio n  was a c id if ie d  w ith d i lu te  su lphu ric  a c id , and the 
f in e  white p re c ip ita te  which was formed was f i l t e r e d  o f f  and d r ie d . 
I t  was d i f f i c u l t  to  f in d  a su ita b le  so lven t fo r  the p u r i f ic a t io n  of 
the ac id  produced. R e c ry s ta ll is a tio n  from g la c ia l  a c e tic  ac id , and 
a c e to n i t r i l e ,  gave se v e ra l specimens f o r  which c o n s is te n t m elting- 
p o in ts  and analyses could not be o b ta ined . The values determ ined 
were:
m.p. 196^ (deccMnp.) Found; 0, 72.4 ; H, 9*7*
m.p# 200® (decamp.) Found: 0, 71.8 ; H, ^ .4 .
m.p. 205® (deoomp.) Found: C, 70.8 ; H, 5*5
^18^16^4 C, 72.9 ; H, 5 .4
^18^4^5 re q u ire s  C, 77.7 ; H, 5 .0 .
O c  W,
CO 4o
r
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A study of th e  re a c tio n  between 1 :1 : ) : )-te traoarbethoxypropane  
and 2 ; 2*-b ib (bromomethyl)diphenyl.
a) P rep a ra tio n  of l : l : 3 :5 - ’tetraoarbethoxypropane.
The method of Knoevenagel (B er. ,  1^14, 27» 2)46) was used fo r  
th i s  p re p a ra tio n .
A m ixture of 96g . (1 .0  m ol.) d ie th y l malonate and 24g.
( 0 .5  mol. formaldehyde) 40^ formaldehyde s o lu tio n  was cooled in  
ice -w ate r, and 1 .5g . ( 0 . 0)  m ol.) die th y l ami ne were added; the  f la s k  
was stoppered , and the re a c tio n  m ixture was allowed to  stand 
overnight a t  room te i^ e r a tu r e .  The re a c tio n  was completed by 
hea ting  the m ixture under re f lu x  f o r  s ix  hours, and the upper 
la y e r  of w ater which sep ara ted  out was removed. The pale yellow  
o i l  was d i s t i l l e d  under reduced p ressu re , and 72g. 1) 6^ ) 1 : 1 : ) : ) -  
te tracarbethoxypropane, b .p .  201-204®/l8mm. were c o lle c te d .
b) R eaction between 1 :1 : ) :)-te traoarbe thoxyp ropane  and 2 :2*- b is  
( b r  omomethy 1 ) diphe qy 1 .
A s o lu t io n  of sodium ethoxide was p repared  from 2*7g. (2 .0  atom) 
f re sh ly  cut sodium in  12) m l. dry ethy l a lc o h o l. To th is  was added 
20g. ( 1 .0  m ol.) l : l : ) :) - te tra c a rb e th o x y p ro p a n e  followed by 20g .
( 1 .0  m ol.) 2 ; 2 * -b i s (bromome th y l ) -diphe nyl ; immediate r e a c tio n  was 
observed to  tak e  p la c e . The m ixture was heated  under re f lu x  on a 
w ater-bath  for ten  hours, th e n  most of the a lcoho l was d i s t i l l e d  
o f f ,  and the  remaining s lu r ry  was poured in to  w ater. The o ily  
product was ex trac ted  w ith  e th e r , and the  combined e x tra c ts  were
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d rie d  over magnesiiam su lp h a te . A fter th e  e th e r  had been d i s t i l l e d  o f f , 
the re s id u a l o i l  which d id  not s o l id ify  on standing  fo r  sev e ra l days, 
was d i s t i l l e d  under reduced p re ssu re . About ) g .  unchanged e s te r  were 
c o lle c te d  in  the f i r s t  f r a c t io n , and then  th e  follow ing two f ra c t io n s  
were ob tained :
A 215-218®/5mm. $ .6g . Viscous l iq u id
B 218-22®/5am. B .Jg . " "
Both f ra c t io n s  were f r e e  of bromine.
A fter f r a c t io n  B had been c o llec ted , th e  rem aining l iq u id  in  the 
d i s t i l l a t i o n  fla sk  b o ile d  w ith considerab le  decom position. At t h i s  
stage the d i s t i l l a t i o n  was stopped#
H ydrolysis o f f ra c tio n  A.
F ra c tio n  A was heated  under re f lu x  fo r  s ix  hours w ith  )0  ml.
20^ a lc o h o lic  potassium  hydroxide s o lu t io n . The potassium  s a l t  was 
is o la te d  and d isso lved  in  w ater; the  s o lu t io n  was f i l t e r e d  through 
a  No. 4 s in te re d  g lass c ruc ib le  to  remove some suspended s o l id .  The 
f i l t r a t e  was a c id if ie d  w ith  2^ su lp h u ric  a c id .  The p re c ip i ta te d  
te tra o a rb o x y lic  acid  was f i l t e r e d  o ff , washed with w ater, and dried , 
m.p. 200® (deoomp.). The product was p a r t ly  deoarbojcylated by 
hea ting  to  210® in  a  m eta l-b a th , and then  ex trac ted  w ith 10^ sodium 
carbonate so lu tio n . The e x tra c t  was washed with e th e r ,  and a c id if ie d  
w ith d i lu te  su lphuric  acid ; the p re c ip i ta te d  ac id  was f i l t e r e d  o ff 
and p u r i f ie d .  R e o iy s ta l l is a t io n  from benzene y ie lded  neôd les, 
m.p. l6o®, and p u r i f ic a t io n  u s ii^  aqueous e th y l  a lcohol as so lven t 
produced s im ila r  c ry s ta ls ,  m.p. l6o-l6l4V
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Several analyses were c a r r ie d  out on the  acid  product, b u t 
these  d id  not agree w ith  th e  an a ly sis  re q u ire d  fo r  the  expected 
p roduct.
Found: C, 80 .) ; H, 5 .7 .  : C, 80.6 ; H, 6 .1  ; C, 80.1 ; H, 6 .1 . 
^19^18^4 G, 7).55 ; H, 5 . 9 . $
For fu r th e r  in v e s tig a tio n  of the p roduct i t s  m olecular weight 
and eq u iv a len t were determ ined.
M olecular w eight. Found: 46o, 480, 5 )0 .
E qu ivalen t w eight. Found; 247.
The u l t r a - v io le t  spectrum was also s tu d ie d , (see  fig.TH ) and 
the  follow ing f ig u re s  were obtained from the ab so rp tio n  curve.
^aax 50.810 2.493.
11'200 2.278
H ydrolysis of f r a c t io n  B gave a s im ila r  acid p roduct, m .p. l6l®:
E s té r i f ic a t io n  of the acid  product.
A mixture of Ig . a c id , 10 ml. m ethyl a lcoho l, and 0 .6  ml. 
concen tra ted  su lphuric  acid  was heated  under re f lu x  on a w ater- 
b a th  fo r  f iv e  hours. Some of the a lcoho l was d i s t i l l e d  o f f ,  and 
th e  rem aining l iq u id  was poured in to  tw ice i t s  volume of w ater.
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and th e  m ixture was n e u tra lis e d  by th e  a d d itio n  of s o l id  sodium 
b ica rb o n a te . The p re c ip i ta te d  o i l  was e x tra c te d  w ith e th e r , and 
the e x tra c t was d r ie d  over anhydrous magnesium su lp h a te . The 
so lv en t was evaporated o ff , and the  r e s id u a l  o ily  product was 
allowed to  stand  overn igh t a t  0®, a f t e r  which trea tm en t i t  was 
e a s i ly  s o l id i f i e d .  A crop of prism s, m .p. 44-46®, were obtained 
a f t e r  c r y s ta l l i s a t io n  from aqueous a lc o h o l.
Found; C, 8 0 .9 ; H, 6*5 : C, 80.8 ; H, 6 . ) .
Some of the e s te r  was hydrolysed w ith a lco h o lic  potassium  
hydroxide so lu tio n , and the o r ig in a l acid , m.p. I 6O-I6I®, was 
o b ta in ed . This proved th a t  e s t é r i f i c a t i o n  was the only re a c tio n  th a t  
had occu rred .
A study of th e  r e a c t io n  between d ie th y l  methylmalonate and 
2 ; 2 *-bi s  (bromome th y l ) d ipheny l.
a) P re p a ra tio n  of d ie th y l  m ethylm alonate.
The method of Cox and MoBlvain, ( Qrg. Synth ., 194), C o ll. V ol. 11,272) 
was used.
)4 .5G . ( 1 .5  m ol.) f re sh ly  cut sodium were heated  under re f lu x  in  
500 m l. b o ilin g  xylene, and the m ixture was v igorously  s t i r r e d .  The 
xylene was decanted from the f in e ly  d iv ided  sodium, and the l a t t e r  was 
rep e a te d ly  washed w ith anhydrous e th e r ,  and then added to  )00 ml. d iy  
e th y l  a lc o h o l. The m ixture was s t i r r e d ,  and 87*5 ml. anhydrous e th e r  
were added dropwise over two hours. When no unchanged sodium could be 
seen , t l ^  so lu tio n  was cooled in  ic e -w a te r, and a m ixture of 145. ) g .
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(1 .4  m ol.) e th y l prop ionate  and 208g. (1 .4  m ol.) e th y l oxalate  
was added slowly a t  a r a te  such th a t  the e th e r d id  not b o i l .  When 
a l l  the  e s te r  m ixture had been added, the  e th e r  and a lcoho l were 
removed by d i s t i l l a t i o n .  The d i s t i l l a t i o n  was stopped when a yellow  
scum formed on the  su rface  of the l iq u id  in  the d i s t i l l a t i o n  f la s k .
The so lu tio n  was cooled, and the sodium d e riv a tiv e  which c ry s ta l l i s e d  
w ith  considerab le  in c rease  in  volume, was t r e a te d  w ith  400 ml. cold 
35^ a c e tic  acid so lu tio n , and allowed to  stand  f o r  s e v e ra l  hours w ith  
freq u en t shaking. 'The product was e x tra c te d  with e th e r ,  and the 
combined e x tra c ts  were washed in  tu rn  w ith  500 m l. w a ter, ^00 ml. 10^ 
sodium b icarbonate  so lu tio n , and f in a l ly  w ith $00 m l. w a te r. The 
e x tr a c t  was d ried  over anhydrous sodium su lpha te . The e th e r  was 
d i s t i l l e d  o f f ,  and th e  rem aining l iq u id  was d i s t i l l e d  under reduced 
p re ssu re  using a  12“ e le c t r i c a l ly  heated  column packed w ith  Fenske 
h e l ic e s .  I 58G. e th y l e thoxa ly lp rop ionate , b .p .  100-102®/2mm. were 
o b ta in ed .
The e th y l e thoxaly lp rop ionate  was heated  to  I5 O-I60® in  a 
f la s k  f i t t e d  w ith a  re f lu x  condenser, and when the l ib e r a t io n  of 
carbon monoxide subsided, the tenç>erature of th e  l iq u id  was ra is e d  
u n t i l  i t  began to  re flu x  s te a d i ly .  The l iq u id  was heated under re flu x  
fo r  th i r t y  m inutes and then  d i s t i l l e d .
A y ie ld  o f 12Ôg. (o v e ra ll y ie ld  $7^) d i e t t y l  m ethylmalonate, 
b .p .  197- 199^ was ob tained .
.  9 8  .
CM, ÇH CO^C^H,. CH, CHCO.C.H,
C O  CO^C.T^Wy ^Oj^Cj^Ws-
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b) Reaction between d ie th y l methylmalonate and 2;2*- b i s (bromomethyl) 
d iphenyl.
A s o lu tio n  of sodium ethoxide was prepared  from 2 .0g . (2 .0  m ol.) 
f re s h ly  cu t sodium and I50 ml. dry e th y l a lc o h o l. 20.5^ . ( 2 .0  m ol.) 
d ie th y l methylmalonate were added, follow ed by 20g. (1 .0  m ol.) f in e ly  
powdered 2 :2*- b i s (bromomethy 1 )-d lpheny l♦ R eaction  occurred imm ediately, 
accompanied by th e  se p a ra tio n  of a f in e  p r e c ip i ta te  of sodium bromide. 
The mixture was heated  under re flu x  fo r  th ree  hours, then  75 m l. 
a lcoho l were d i s t i l l e d  o ff  and the  rem aining s lu r ry  was poured in to  
w ater. A waxy s o l id  was p re c ip ita te d , and t h i s  was f i l t e r e d  o ff  and 
re  c r y s ta l l i s e d  from e th y l a lc o h o l. 25G. f in e  needle c r y s ta l s ,  m .p. 107®, 
( 89^) were o b ta in ed .
Found: C, 68 .5  ; H, 7*3 •
^30^38^8 ( ^ 2 * "b i s (i/5  d iearbe  thoxy-n-propy 1 )dipheny 1 )
re q u ire s , C, 68.4  ; H, 7*3 
H ydrolysis of th e  e s te r .
23G. e s te r  were heated  under re f lu x  fo r  f iv e  hours with 
150 ml. a lc o h o lic  potassium  hydroxide so lu tio n  (3 (^ ) . The a lcoho l 
was d i s t i l l e d  o f f ,  and the rem aining so lid  was d isso lved  in  w ater.
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The aqueous so lu tio n  was e x tra c te d  with e th e r  to  remove any 
unchanged e s t e r ,  and then  f i l t e r e d  through a No# 4 s in te re d  
g la s s  funnel to  remove suspended so lid  p a r t i c l e s .  The f i l t r a t e  
was a c id if ie d  w ith  2$ su lphu ric  acid  s o lu tio n . A heavy p re c ip i ta te  
separa ted  o u t, which was f i l t e r e d  o f f ,  thoroughly  washed w ith
w ater, and d r ie d .  17*5g* rec tan g u la r  p la te s ,  m .p. 200® (deoomp.)
* '  •
were ob ta ined . -
D ecarboxylation of te tra o a rb o x y lic  ac id .
The acid  was heated in  a m etal-bath  a t  220® f o r  th i r ty  
m inutes. The l ig h t  brown so lid  product was e x tra c te d  w ith 10^ 
sodium carbonate so lu tio n , and the e x tra c t  was washed w ith  e th e r .  
The a lk a lin e  s o lu t io n  was a c id if ie d  by the a d d itio n  of 2^ 
su lphu ric  ac id  so lu tio n , and th e  p re c ip ita te d  o i ly ,  so lid  was 
f i l t e r e d  o f f ,  washed w ith l ig h t  petroleum  (b .p . éO-80®) and then 
c ry s ta l l i s e d  from benzene. Prism s, m.p. 154-155®, of 2;2*-b is  -  
( yS -.carboxy-n-propyl)diphenyl.
Found: C, 73#8 ; H, 6.7* .
^20^22^4 ^~oarbox^ri-n-p ro p y l)d lp h en y l)
re q u ire s . Ci 75*6 ; H, 6 .8 .^
E s té r i f ic a t io n  of 2;2*-b i s ( -carbekyGx,^n-p ro p y l)d ipheny li ,
D ie thy l e s te r .
A mixture o f 5g* acid , 6$ ml. e th y l a lcoho l, and 2iS ml.
SOlphoriC
co n o en tra ted |ac id  was heated under re f lu x  fo r f iv e  hours.
— loo —
Most o f the alcohol was removed by d i s t i l l a t i o n ,  and the  
rem aining liq u id  was poured in to  water and n e u tra lis e d  w ith  
s o l id  sodium b ica rb o n a te . A yellow o i l  separa ted  out which 
could  not be s o l id if ie d ;  i t  was ex tra c ted  w ith  e th e r , and 
the e x tr a c t  was d rie d  over anhydrous magnesium su lp h a te . The 
e th e r  was evaporated o f f ,  and the r e s id u a l  o i l  was d i s t i l l e d  
under reduced p re s su re . JG. liq u id , b .p .  194-196®/3mro., were 
c o llec ted ..
Found: C, 75»5 î H, 7 .6 .
^24^50^4 ^  -ethoxycarbony 1 -n-p ro p y l)d lp h en y l. )
re q u ire s , G, 75*5 $ 7#9*^
Dimethyl e s t e r .
The method used was the same as th a t  described  fo r  the  
d ie th y l e s t e r .
A v iscous l iq u id , b .p . 186-188®/5*5mm., was ob ta ined , which 
slowly c ry s ta l l i s e d  on stand ing . R e o iy s ta ll  i s a t io n  from 
aqueous a lcohol produced rec tan g u la r p la te s ,  m.p. 68®.
Found: G, 74.5 ; H, 7*7#
0^^^£0j^(2 :2 * -b is(/S -methQxyoarbonyl-n-p ro p y l)d ip h e n y l.) 
re q u ire s , C, 74.5 ; H, 7*4.5^
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S e c t i o n  I I I  P a r t  2 .
D iscussion .
The re a c tio n  between 2:2*- b is (bromomethyl)diphenyl and 
l :l :2 :2 - te tra c a rb e th o x y e th a n e  was c a r r ie d  out under somewhat 
d if f e re n t  co n d itio n s from those used by Kenner (jJ ., I 915, 103, 
626) ,  who heated  the m ixture of the dibrom ide, te t r a e th y l  e s te r ,  
and sodium in  absolute a lcohol a t 120-140® under p ressu re  fo r  
f iv e  hou rs, and obtained a y ie ld  of 24^. In s tead , th e  re a c tio n  
m ixture was heated under re flu x  fo r  twenty hours under atm ospheric 
p re s su re , and the condensation product was formed in  21^ y ie ld .
The a n a ly s is  fo r  t h i s  compound was in  agreement with the 
c a lc u la te d  va lue . The m olecular weight was determ ined by the 
cryosoopio method in  benzene, and i t  was found th a t  when d ried  
benzene was used as so lv en t, r e s u l ts  were obtained which agreed 
w ith  those published  by Kenner.
Pound: 363 ; 39^ ; 584.
(Kenner) 3^4 ; 387#
When however, benzene was used which had been allowed to  
stand  fo r  an hour in  an open vessel in  o rder to  come to  
eq u ilib riu m  with the atmosphère, the  values f o r  the  m olecular 
weight were 446 and 464, which are n ea re r th e  c a lc u la te d  value of 
496. This suggests th a t  the  m olecular w eights determ ined fo r  
Kenner, were made in  dry benzene.
The a c id ic  product obtained from th e  hydro lysis  of the  
te tra c a rb e th o x y -e s te r , and p a r t ia l  decarboxylation  of the
.  104- -
r e s u l ta n t  acid could not be id e n tif ie d  since th e  analyses 
c a r r ie d  out on the specimens having d if f e r e n t  m eltin g -p o in ts  
(see  p . ) were not in  c lose agreement w ith  th e  c a lc u la te d  
values fo r  the expected d icarboxy lic  a c id . I t  is  ev id en t th a t  
the  d iscrepancy i s  not due to  the form ation  of th e  corresponding 
anhydride as t h i s  would cause percentages of carbon t o  be 
h igher r a th e r  th a n  lower than th e  c a lc u la te d  value fo r th e  acid .
The compound produced in  the condensation between 2 ;2*- b i s -~ 
(bromome th y l)  diphe nyl and l : l ; 3 ;3-te tracarbethoxypropane was not 
id e n t i f i e d .  There i s  no doubt th a t  a l l  the dibromide had reac ted  
since  th e re  was a q u a n ti ta t iv e  y ie ld  of sodium bromide, and a lso  
the crude product was f r e e  of bromine. As some unchanged I j l r J r J -  
te tracarbethoxypropane was recovered i t  is  obvious th a t  a simple 
condensation  between one molecule of dibromide and one molecule of 
e s t e r ,  had not taken p la c e .
The product was hydrolysed, and the mean m olecular weight 
determ ined on the p a r t ly  decarboxylated ac id  was 4^0. Since the 
sk e le to n  s tru c tu re
has a * molecular* weight of 180, and th e  grouping
— CH —
» I
COJ-*
has a * molecular* weight of IJO, i t  r a th e r  in d ic a te s  th a t  two
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diphenyl u n i ts  are  p resen t in  th e  p roduct. This i s  supported 
by the f a c t  th a t the eq u iv a len t weight of the ac id  i s  247, which 
shows th a t  i t  i s  only d ib a s ic .  The chem ical analyses ob tained  
give th e  ac id  the  em pirical form ula,
Five d ib a s ic  ac id s silmost f i t t i n g  th ese  requirem ents were 
considered as p o ss ib le  p roducts .
Q - p
C H ,. ^
1 1
c h .c o ^ h C H .C O ^H C .C O ^ HK K C M .
C M .C O J.» C H .C O j^H
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1 1 / \  
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but chem ical evidence and the study of the  u l t r a - v io le t  
ab so rp tio n  spectrum did  not favour a l l  th e s e .
The methyl groups in  th e  2 -p o s itio n  of diphenyl in  
compound ( I )  could not be farmed by the  e lim in a tio n  of bromine 
from the  bromemethyl groups in  a so lu tio n  of sodium ethox ide; 
and since  th e  condensation product was f r e e  of bromine, th e  
replacem ent of bromine would have to  occur du ring  th is  s ta g e . 
This ren d e rs  s tru c tu re  ( I )  as an im possible p ro d u ct.
Compound ( I I )  i s  favoured chem ically, bu t the  u l t r a - v io l e t  
spectrum  r u le s  i t  out com pletely.
— 10^ —
The u l t r a - v io le t  spectrum  i s ,  however, in  e x c e lle n t agreement 
w ith  ( I I I ) ,  but i t s  form ation  is  chem ically  im possible s in ce  the 
compound /—^  ,—\
I
ÇH,
<VH-CXiiV4
would have to  be formed as an in te rm ed ia te , and i t  has a lready  
been p o in ted  out th a t th e  crude product from th e  condensation 
re a c tio n  was f re e  of brom ine.
C onsidering  the s te p s  involved in  the re a c tio n  to  form  (IV ), 
i t  does not appear to  be a l ik e ly  p ro d u c t.
CM I  C(C0,.C,.MçV
Compound (V) would a lso  have to  be produced by a tw o-stage 
mechanism i . e .  a condensation between th e  dibromide and e a te r  to  
form
CM,
3.0
2..0
1.0
Aq.EL
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follow ed by a fu r th e r  r e a c t io n  between t h i s  molecule and ano ther 
molecule otjthô dibromide w ith  the  e lim in a tio n  of hydrogen
bromide •
I I 'V
■C V i'r
C M ,
I t  i s  not known, however, to  what ex ten t th e  methylene group 
would have to  be a c tiv a ted  in  order th a t  th i s  l a s t  s tage  should 
occur.
The u l t r a - v io le t  ab so rp tio n  spectrum fo r  the  d ica rb o x y lic  a c id
i s  p lo tte d  in  f i g .  I l l -  Exam ination of ths curve shows
th a t  the va lues obtained f o r  0*800 and t ^ ^ l l , l 6 o  are
ex ac tly  tw ice (w ith in  the  l im i ts  of experim ental e rro r )  th e  va lues
fo r  é. and 6 . on the  curve drawn fo r  methyl 5 • 4 -5 :6 - max min
d ibenzcyolohep ta -5 ;5 -d ien e -l-o a rb o x y la te  in  f i g .  I .  The d i r e c t  
conclusion  i s  th a t  the acid  co n ta in s  two groupings of a
diphenyl b ridged  across the 2 :2 ’-p o s it io n s  by a th ree -carbon  chain , 
in  some way lin k e d  to g e th e r , e .g .
— 1 0 6  —
This i s  in  agreement w ith the m olecular w eight of 49O which was 
determ ined fo r  the acid , s ince  th is  a lso  in d ic a te s  th a t  two 
•diphenyl groupings’ are p re se n t in  the m olecule.
The p o s s ib i l i ty  of d iphenyls b ridged  ac ro ss  the  2:2*-p o s it io n s  
by fou r-ca rbon  and f iv e -ca rb o n  chains however, cannot be excluded 
since the  sp e c tra  of such compounds have no t been in v e s tig a te d , and 
i t  is  th e re fo re  u n c e rta in  whether the  in c re ase  of chain-1 ength  
b ridg ing  the 2 :2 ’-p o s i t io n s  w ill  gppreclably  a l t e r  the  u l t r a - v io l e t  
ab so rp tion  spectrum . I t  can only be concluded from the u l t r a ­
v io le t  a b so rp tio n  spectrum of th a t  i t  con ta in s two 2 :2 ’-
bridged d ip h e i^ l groups, which account fo r i t s  s im ila r i ty  to  the  
spectrum of methyl 3 :4 -5 :6 -d ibenzcyclohe p ta -3 ;5 -d ie n e - l-o a rb o x y la te .
The p re p a ra tio n  of th e  methyl e s te r  does not throw l ig h t  on the 
problem, bu t the  f a c t  t h a t  h y d ro ly sis  o f th e  e s te r  produces the 
o r ig in a l  a c id  does in d ic a te  th a t  no re a c tio n  o th er than  e s t é r i f i c a t i o n  
takes p lace  when th e  acid i s  heated  under re f lu x  in  a m ixture of 
methyl a lco h o l and concen tra ted  su lphu ric  a c id .
In  c o n tra s t  to  the complex condensation re a c tio n  ju s t  d iscussed , 
t t e  re a c tio n  between 2 :2 ’ -Wjb (bromome th y l)  diphe nyl and d ie th y l  
‘methylmalonate proceeded norm ally. The new e s te r  produced and i t s  
ac id  d e r iv a tiv e s ,  gave s a t is f a c to ry  a n a ly se s .
The m ethyl smd e th y l e s te r s  of the ac id
-  1 0 ? -
were e a s i ly  p repared , and are  of in te r e s t  in  t h a t  i t  should be 
p o ss ib le  to  use them as s t a r t in g  compounds in  the Acyloin 
re a c tio n  fo r  the p rep a ra tio n  of d e riv a tiv e s  of d ibenzocyclo- 
decadiene* e .g .
CM
C-Ha
OH
-  10 .8 «
S ec tion  I I I  P art 5*
Methods of P rep a ra tio n  of 2 ;2 ’-Diphenyl d ia c e t ic  ac id .
In tro d u o t ion .
Since th e  condensation  reac tio n s  between 2 :2 ’-b ^ (b ro m o ­
methy 1) diphe nyl and tetracarbetho3çyethane and te tra c a rb e th  oxy­
propane, (described  in  S ec tion  I I I ,  P a rt I I ) ,  t o  produce 
d iphenyls b ridged across th e  2 :2 ’ -p o s i t io n s  by fo u r, and f iv e  
carbon-chains were not su c c e ss fu l, i t  was decided to  in v e s tig a te  
p o ss ib le  methods of p rep a rin g  2:2*-d ipheny l d ia c e tic  a c id  which 
would be used as a s t a r t in g  compound in  other p o ss ib le  syn theses 
of these  la rg e  rin g  compounds, e .g .
Q - p
R e d L u c .h io m
! , 
p n t o f  oL^<»ror«r>iel<.
ftoyloi'n
reoe-Mort
NK
N ^ a lo r x ic .  t s h c f
Q-P
\ I  ‘ 
C O - C M  
OH
Q - p
Only one method of p rep a ra tio n  of 2:2*-diphenyl d ia c e tic  acid  
appears in  th e  l i t e r a t u r e ,  (Kenner and T urner, £♦ , I g l l ,  2109), 
and here th e  y ie ld s  are  no t recorded fo r each stage of th e  sy n th e s is . 
Kenner’ s work was rep ea ted , and a ttem pts were a lso  made to  prepare 
th e  a c id  by the  Ullmann re a c tio n  on methyl o^hromo^ and methyl £-iodo-
m iOÿ -
phenyl a c e ta te ,  and by the Arndt E is te r t  r e a c tio n  on th e  d ich lo rid e  
of d iphen ic  a c id .
-  110 -
S ec tio n  I I I  P a r t  5 
Experim ental.
P rep ara tio n  of methyl o-bromobengoate.
A m ixture of %54g. copper sulphate (^HgO), 440g. (J.O  m ol.) 
sodium brom ide, 81 ml. concen tra ted  su lphuric  ac id , l )2 g . copper 
tu rn in g s , and 1320 m l. w ater, was b o ile d  u n t i l  th e  so lu tio n  became 
c o lo u r le s s . 22Og. (1 .0  m ol.) m ethyl a n th ra n ila te  were added, and 
the  m ixture was cooled below 10^. The e s te r  s o lu tio n  was d ia z o tis e d  
between 5-7^ w ith g7g. sodium n i t r i t e  d isso lv ed  in  th e  minimum 
amount of w a te r . The d ia so tise d  so lu tio n  was allowed to  stand 
overn igh t, and th e  dense brown o i l  which sep a ra ted  out was 
is o la te d  by s te a m - d is t i l la t io n .  The product was e x tra c ted  w ith  
e th e r  from th e  aqueous d i s t i l l a t e ,  and the e x tra c t  was d ried  over 
anhydrous magnesium su lp h a te . The e th e r was removed by d i s t i l l a t i o n ,  
and the  rem ain ing  l iq u id  was d i s t i l l e d  under reduced p re ssu re .
212g . (67^) m ethyl ^-brom obenzoate, b .p .  9^-99^/ were
o b ta in ed .
P re p a ra tio n  of o-bromobenzyl a lco h o l.
l6$g . (1 .0  m ol.) methyl ^-bromobenzoate d ilu te d  w ith  100 ml. 
dry e th e r  were added dropwise to  a  reducing  m ixture of 20g. (0 .6  m ol.) 
lith iu m  aluminium hydride in  $00 ml. anhydrous e th e r .  A fter the 
a d d itio n  was complete, the  re a c t io n  m ixture was allowed to  s tand
- I l l
f o r  one hour* The excess of lith iu m  aluminium hydride was 
deooHçosed w ith w ater, and d i lu te  su lphuric  acid s o lu tio n  was 
added u n t i l  the m ixture became c lear*  The e th e resd  so lu tio n  
was is o la te d , and the aqueous la y e r  was ex tra c ted  w ith ether*
The combined e x tr a c ts  were d ried  over anhydrous sodium su lp h a te .
151*2g . ( 91^) p a le ,  orange c ry s ta l s ,  m.p. 70- 72° , remained a f t e r  
the e th e r  had been d i s t i l l e d  from th e  p roduct. C ry s ta l l i s a t io n  
of the product from e th y l a lco h o l, gave a crop of needle c ry s ta ls ,  
m .p. 79-80°.
P re p a ra tio n  of o-bromobengyl brom ide.
65G. o-bromobensyl alcohol were heated under re f lu x  w ith 
500 m l. 48^ hydrobromic acid  s o lu t io n  fo r  one h o u r. The re a c tio n  
m ixture was allow ed to  coo l, and th e  l ig h t  brown o i l  which 
sep a ra ted  out was c a re fu lly  e x tra c te d  with e th e r  and d ried  over 
anhydrous msgnesiura su lp h a te . The so lven t was d i s t i l l e d  o ff  in  
the  fume-cupboard as ^-bromobenzyl bromide i s  extrem ely lachrym atory . 
A y ie ld  of 125.5g# (755^) l ig h t  brown o i l  was obtained which 
s o l id i f i e d  when cooled in  ice  to  give c r y s ta l s ,  m.p. 28- 51° .
F u rthe r p u r i f ic a t io n  of t h i s  compound was no t a ttem pted .
P re p a ra tio n  of o-bromobenzyl cyanide.
A m ixture of 50g* (1#2 m ol.) sodium cyanide and 27 m l. w ater 
was heated  on a w ater-bath  to  d isso lve  the s o l id ,  and th en  125g#
( 1 .0  m ol.) o-bromobensyl bromide d isso lved  in  125 ml. abso lu te
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a lcoho l were added slow ly through a funnel over t h i r t y  m inutes.
The m ixture was heated  under re f lu x  fo r  th ree  hours, th en  cooled 
and f i l t e r e d  under su c tio n  t o  remove the p re c ip i ta te d  sodium 
brom ide. The bu lk  of the alcohol was d i s t i l l e d  from the f i l t r a t e ,  
and the  re s id u a l l iq u id  was d i s t i l l e d  under reduced p re ssu re .
S6g. (88)^) £-bromobenzyl cyanide, b.p* 158-l40°/10mm. were ob ta ined .
P re p a ra tio n  of o-brom ophenylaoetic a c id .
A m ixture of 0ég. jo-bromobenzyl cyanide, 65 m l. co n cen tra ted  
su lp h u ric  a c id , 65 ml. g la c ia l  a c e tic  acid , and 65 ml. w ater, was 
heated  under re f lu x  f o r  one hour. The m ixture was cooled, and 
poured in to  a  la rg e  volume of w ater; the £-brom ophenylacetic ac id  
which was iacnediately p re c ip ita te d  was f i l t e r e d  o f f .  9 ^ *  of the 
crude ac id , m.p. 96- 98^* were ob ta ined . A fte r r e c r y s ta l l i s a t io n  
from e th y l a lcoho l, the  m elting-po in t of the product was ra is e d  to  
103®. Y ield
P re p a ra tio n  of methyl o-brom ophery lacetate .
48 G. jo-bromophenylacetic a c id , 27 ml. concen tra ted  su lp h u ric  
a c id , and 95 ml. m ethyl alcohol, were heated  to g e th e r  under re f lu x  
f o r  two h o u rs . The r e a c t io n  mixture was allowed to  cool before 
pouring  i t  in to  tw ice i t s  volume of w a te r . The m ixture was 
n e u tra l is e d  by the a d d itio n  of so l id  sodium b ica rb o n a te , and the pa le  
yellow  sw eet-sm elling  o i l  which sep ara ted  out was e x tra c te d  w ith 
e th e r ,  and d ried  over anhydrous sodium su lp h a te . The e th e r  was 
d i s t i l l e d  o f f ,  and the  re s id u a l l iq u id  was d i s t i l l e d  under reduced
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p re s s u re . 33.4G. (? 0^ ) m ethyl o-brom ophenylaoetate, b .p .  121- 123®/7mm.,
251*542?, were produced.
Pound: C, 48.9; H, 4 .1  ; B r. 55.5
C^HjBrOg (m ethyl o-brom ophenylacetate) re q u ire s , C, 47*2 ; H, 4 .0  ;
Br, 54 . 8.
Attempted Ullmann re a o tio n  on methyl o-brom opheqylacetate .
A sm all q u a n tity  o f copper bronze was added a t 10° in te rv a ls  
of tem perature to  lOg. heated methyl ^ -brom ophery lacetate  contained  
in  a Pyrex b o ilin g - tu b e . The ad d itio n  was s ta r te d  a t 190° , and was 
continued u n t i l  a tem perature of 250° was reach ed . No r e a c t io n  was 
observed to  take p lac e . A c ry s ta l  of iod ine  was added to  a c t iv a te  the 
m ix tu re , which a f t e r  th e  a d d itio n  of a f u r th e r  6g . copper bronze was 
m ain tained  a t  a tem perature of 250° fo r  t h i r t y  m inutes. A fte r  
coo ling , th e  product was ex trac ted  sev era l tim es w ith hot methyl 
a lco h o l, and f i l t e r e d .  The alcohol was d i s t i l l e d  from th e  f i l t r a t e ,  
and d i s t i l l a t i o n  of the re s id u a l l iq u id  y ie ld e d  3 .6g . unchanged 
e s te r .
A f u r th e r  attem pt was made to  carry  out the Ullrnann re a c tio n  
on m ethyl o-bromophe nyl a ce ta te  by h ea tin g  a^oixture of lOg. e s te r ,  
and 8g . copper bronze under re f lu x  fo r  e ig h t  hou rs. The m ixture 
was e x tra c te d  as b e fo re , and 5 .) g .  dark  brown viscous l iq u id  were 
is o la te d  which d id  d e p o sit a few c ry s ta ls  a f t e r  stand ing  fo r
-  114 .
se v e ra l days* An attem pt wsts made to  p u r ify  th i s  p roduct, bu t 
the  pa le  brown so l id  ob tained  d id  not give a good a n a ly s is ,  and 
an attem pt to  hydrolyse th e  product was not s a tis fa c to ry *
-  115 -
P re p a ra tio n  of o-iodobenzolo aoid*
The method of p re p a ra tio n  of ^-lodobenzoic  acid  has a lread y  
been d esc rib ed  (see p .6 b  )•
P re p a ra tio n  of o-iodobenzoyl c h lo r id e .
For t h i s  p rep a ra tio n  50 ml. th io p y l c h lo rid e  were d i s t i l l e d  
and the  f r a c t io n ,  b .p . 77°» was c o lle c te d .
70G. (1 .0  m ol.) jEi nely  powdered _o-iodoben^olc ac id  were mixed 
w ith  42g. (1 .3  m ol.) th io n y l ch lo ride  in  a 500 m l. f l a s k ,  and heated 
on a  w ater-b a th  w ith occasional shaking fo r  about one hour u n t i l  the  
e v o lu tio n  of hydrogen ch lo ride  had ceased . The excess of th io iy l  
c h lo r id e  was d i s t i l l e d  o f f ,  and the d i s t i l l a t i o n  of j^ iodobenzoyl 
c h lo r id e  was c a r r ie d  out under reduced p ressu re . Two f ra c t io n s  were 
c o l le c te d .
155V 25mm. 50g . pa le  yellow  so lid , m.p. 50- 51°*
133-158°/25BBtt._ 7g. yellow  so lid , m .p. 29-30®.
P re p a ra tio n  of d iazom ethyl-o-iodophenyl ketone.
The method used was sim ila r to  th a t  employed by P ie se r  and 
Kilmer ( J .Amer. Chem. Soc. ,  1940, 1556), f o r  the p re p a ra tio n
of diazom ethyl-£-brom ophenyl ketone.
DiazoTaethane was prepared  by dropping N -nitroso-m ethyl
urethane in  55 nil. dry e th e r  in to  6o ml. sa tu ra te d  so lu tio n  of 
potassium  hydroxide in  ab so lu te  a lcoho l, covered w ith 20 m l. dry 
e th e r .  The gas was passed through a v e r t ic a l  s p ir a l  condenser, and 
th en  d is so lv e d  in  cold anhydrous e th e r . A fte r complete ab so rp tio n  
of the  yellow  g as, the  e th e re a l  so lu tio n  was d i lu te d  to  800 m l.
-  l i6  .
w ith  co ld  diy e t l» r ,  and 26.$g . o-iodoben«çoyl o hi a rid e  d isso lv ed  in  
dry e th e r  were added dropwise with s t i r r i n g ,  a t  0° over one hour.
A fte r  standing  overnight a t  room tem perature a s l ig h t  p r e c ip i ta te  
had êormed which was removed by f i l t r a t i o n .  The e th e r  was d i s t i l l e d  
from th e  f i l t r a t e  under reduced p re ssu re , leav ing  2 )g . brownish 
o i l  which s o l id if ie d  on cooling, m.p. ^4-6o^. The product was 
e x tra c te d  w ith hot cyolohexane, and the so lu tio n  was allowed to  
coo l very slowly w ith  vigorous s t i r r i n g .  In  th is  way two crops of 
yellow  prism s were ob tained , l6 g .,' m.p. and 8 .1 g .,  m .p. 57-59^,
Y ie ld  90^ . "
Found: 1 ,4 6 .2 .
CgH^ONgl (d iazom ethy l-o-iodophenyl ke tone) req u ire s , 1 ,46.65^ 
P re p a ra tio n  of o~iodopheqy lace t i c  a c id .
A so lu tio n  of 24g. d iasom ethyl-o-iodopheryl ketone in  
te c h n ic a l  dioxan was added dropwise t o  a  suspension of )2 g . s i lv e r  
oxide (p re c ip ita te d ,f ro m  s i lv e r  n i t r a te  so lu tio n  w ith  potassium  
hydroxide) in  a s o lu tio n  of 40g. sodium th io su lp h a te  in  800 ml. 
w ater a t  60-6^°. The a d d itio n  took t h i r t y  m inutes to  complete, 
and the  m ixture was v igorously  s t i r r e d  throughout. A fter leav ing  
f o r  an hour, the evo lu tion  of n itro g e n  had ceased ,; the m ixture was 
made a lk a lin e  w ith  10j5 sodium hydroxide so lu tio n , and f i l t e r e d .
The f i l t r a t e  was washed twice w ith benzene, a c id if ie d  w ith  d i lu te  
n i t r i c  a c id  so lu tio n , and ex trac ted  w ith e th e r .  The e x tr a c t  was 
d r ie d  over anhydrous magnesium su lphate  and the e th e r was
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d i s t i l l e d  o f f  leav ing  a pa le  yellow o i l .  This o i l  was d isso lv ed  in  sodium 
carbonate so lu tio n  and the  so lu tio n  was a c id if ie d  w ith  2fa n i t r i c  acid  
s o lu t io n .  A pale  yellow  so lid  was p re c ip ita te d  which was washed and 
d r ie d . 1 8 .8g. (81 .$^) £ -iodopheny lacetio  ac id , m.p. 108-110°, were 
o b ta in ed .
P re p a ra tio n  of methyl o-iodophenylaceta te
A m ixture of 18*5g* £ -iodopheny lacetic  acid , 200 m l. methyl 
a lco h o l, and 9 concen tra ted  su lphuric  acid  were heated  under 
re f lu x  fo r  f iv e  hours on a w ater-bath . About 100 m l. a lco h o l were 
d i s t i l l e d  o f f ,  and the  rem aining l iq u id  was poured in to  tw ice i t s  
volume of w ater, and the m ixture was n e u tra lis e d  by the a d d itio n  of 
s o l id  sodium b ica rb o n a te . The p re c ip ita te d  o i l  was e x tra c te d  w ith 
e th e r  and th e  e x tra c t was d r ie d  over anhydrous potassium  carb o n ate .
The e th e r  was removed by d i s t i l l a t i o n  a n ^ h e  re s id u a l l iq u id  was d i s t i l l e d  
under reduced  p re s su re . The follow ing f ra c t io n s  were c o l le c te d .
1 1.5801 0.55g.
2 117-119 VJiam. 1 .58)1 3 . 9g .
3 119-120 /3mm. 1 .58)4  4 .)g .
4 120° / 5mm. 1.5B55 4 .1g .
5 120- 121° / ) mm. 1.58)5 ) .7 g .
Y ie ld  1 2 .Ig . (.62%) m ethyl o -iodophenylaoetate . (Found: C, )9 .2 ;
H, ) . l  ; I ,  45. 2 . O^^Ogl (methyl o-io d o p h en y lao e ta te ) re q u ire s ,
0 , 39 .2  Î H. 5 .2  ; 1, 4 5 . 9 )
Ullmann on methyl o-iodophenyl a c e ta te .
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lOg. m ethyl g - i  odophe ny la c e t  ate were heated  in  a Pyrex b o ilin g -  
tube to  170 in  a m etal-bath* About 0*5g* copper bronze was 
added, and no tem perature r is e  due to  re a c tio n  tak ing  p lace  was 
observed . The same q u a n tity  of copper bronze was added to  the 
m ixture a f t e r  each 10° r i s e  in  teicper a tu r e ,  and a f te r  the  
a d d itio n  a t  220° a rap id  increase  up to  2^0° was observed. The 
re a c t io n  m ixture was then  m aintained a t 220°, and 4g. more of 
copper bronze were added in  small p o rtio n s ; the re a c tio n  m ixture 
was then  m aintained  a t  200-220° fo r one hour. The m ixture was 
allowed to  cool, and the product was rep ea ted ly  e x tra c te d  w ith 
ho t £ -d ioh lo rbenzene , and f i l t e r e d  through a s in te re d  ^ a s s  funnel 
to  remove s u ^ n d e d  copper bronze p a r t i c l e s .  Most of the so lv en t 
was d i s t i l l e d  o ff  a t  atm ospheric p ressu re , and the rem ainder was 
removed under reduced p re s su re . About O.^g. unchanged e s t e r  was 
c o lle c te d , and the rem aining brown v iscous l iq u id  p a r tly  s o l id i f i e d  
on co o lin g , b u t d id  not c r y s t a l l i s e .  Many a tte iip ts  were made to  
p u r ify  t h i s  product using  various so lv en ts  and trea tm en t w ith de­
c o lo u r is in g  charcoal*  A yellow s o l id  was ob ta ined , m.p. 140-145 » from
• * i ‘
oyoXohaxane s o lu tio n , th i s  s o l id  d id  not give a  s a t is fa c to ry  a n a ly s is .
5g. of th e  brown viscous Ullmann product w«!«. hydrolysed w ith 
20% a lc o h o lic  potassium  hydroxide so lu tio n , but only ^ lo d o p h e n y la c e tlc  
a c id  was reco v ered .
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P re p a ra tio n  of the  d io h lo rid e  of diphenlo ac id .
The method of Underwood and Kochmann, ( J .  Amer. Chem. Soc.,
1924, 2072) was used .
A m ixture of l^ g . (1 .0  m ol.) diphenic ac id  and 27g. (2 .0  m ol.) 
phosphorus p en tach lo rid e  was heated in  an o il-b a th  a t  190- 195° f o r  
th ir ty -m in u te s .  The tem perature was allowed to  f a l l  to  150° and 
m ain ta ined  a t  t h i s  f o r  one hour; a i r  was freq u en tly  blown through 
the  neck of the f la s k  to  remove phosphorus oxychloride. The r e a c t io n  
m ixture was then  allow ed to  cool, and th e  d ioh lo ride  was e x tra c te d  
w ith  benzene. A y ie ld  of 11.8g. (6 l^ ) ,  m.p. 9^-97°* was ob tained .
An attem pt was made to  prepare th e  d ioh lo ride  using  th io n y l 
c h lo r id e  in s te a d  of phosphorus p en tach lo rid e , but t h i s  was 
u n s a t is fa c to ry  since th e  bulk of the  product was d iphenic  acid  
anhydride . The an t^d rid e  could, however, be sep ara ted  from the 
d io h lo r id e  since i t  i s  p ra c t ic a l ly  in so lu b le  in  e th e r ,  whereas the  
d ic h lo r id e  i s  r e a d i ly  so lub le .
A rnd t-H îistert r e a c t io n  on the d ic h lo r id e  of d iphenic a c id . 
P re p a ra tio n  of 2:2*-diazom ethyl d iphenyl dike tone .
A so lu tio n  of diazomethane in  e th e r  was prepared from 80 m l. 
N -nitrosom ethyl u rethane in  the manner described  on p . 115
140. d io h lo rid e  d isso lv ed  in  e th e r ,  were added dropwise 
w ith  m echanical s t i r r i n g  to  the s o lu tio n  of diazomethane a t  0 °.
A f te r  s ta n iin g  overn igh t a t  room tem perature th e  s o lu tio n  was 
f i l t e r e d ,  and th e  so lven t was removed from the f i l t r a t e  under
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reduced  p re s su re . 1 0 .6g. yellow o i l  remained, some of which 
ra p id ly  c r y s ta l l i s e d .  The so lid  was f i l t e r e d  o ff , and c ry s ta l l i s e d  
from  to lu e n e . 6 .6 g . f in e  yellow prism s which darkened a t  l l6 °  on 
h e a tin g  bu t m elted a t 1)1° with decom position, were produced.
Found: C, 66.2 ; H, ) . 8  ; N, I g . l .
^ 16^ 16^2^4 ( 2:2*-diazom ethyl diphenyl d ik e to n e );
C, 66.2 ; H, 5 .5  ; N, I g .) ^ .
P re p a ra tio n  of d ip h en y ld iace tic  a c id .
A so lu tio n  of 5#4g. 2:2*-diazom ethyl diphenyl dike tone in  
te c h n ic a l  dioxan was added dropwise w ith vigorous s t i r r i n g  to  a 
su spension  of 22g. s i lv e r  oxide in  a so lu tio n  of J2g . sodium 
th io u su lp h a te  in  I460m l. water a t  6 ) ° .  The m ixture was l e f t  fo r  
an hour during  which time the e v o lu tio n  of n itrogen  was observed. 
The m ixture was made a lM lin e  by a d d itio n  of 10^ sodium hydroxide 
s o lu t io n , and f i l t e r e d  under su c tio n . The f i l t r a t e  was washed w ith  
benzene, a c id if ie d  w ith  d ilu te  n i t r i c  ac id , and e x tra c te d  with 
e th e r .  The e th e r  was evaporated o f f ,  and the rem aining o i l  was 
d is so lv e d  in  sodium carbonate so lu tio n , and th e  so lu tio n  was 
a c id i f i e d  w ith  2^ n i t r i c  acid so lu tio n . The product was ex trac ted  
co n tin u o u sly  w ith e th e r  fo r  severa l hours, and 0 .4 g . prism s were 
o b ta in ed  which a f t e r  c r y s ta l l i s a t io n  from w ater had, m.p. 151-152°. 
Found: C, 70.7 ; H, ^ .1  
C a lc u la ted  fo r  C, 71.1 ; H, 5*2*^
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Preparation of 2:2*-d iphenyld laoeton itrile .
The method used was th a t given by Kenner and Turner (J* ,
1911, Ü #  2109) .
A sa tu ra te d  aqueous so lu tio n  of 5*2g# potassium  cyanide wsis 
mixed w ith  th ree  tim es i t s  volume of e th y l a lco h o l. The m ixture 
was h ea ted  under re f lu x , and to  i t  was added in  sm all 
q u a n t i t ie s  12g. powdered 2 ; 2 * -b is  ( br omomethy 1 ) diphe ny 1 . The 
r e a c t io n  mixture was maintained a t  a tem perature between 
5 0 ° and 60° fo r  f iv e  hours, and then poured in to  w a te r. A 
l i g h t  brown o i l  was p re c ip ita te d  which s o l id if ie d  on standing* 
The s o l id  was f i l t e r e d  o ff  and c ry s ta l l i s e d  from e th y l 
a lcoho l*  6 *6g . (81yJ) cubic c ry s ta ls ,  m.p* 77- 78° , were ob ta ined .
P re p a ra tio n  of 2 ; 2 *-diphenyldiacetam ide.
The re a c tio n  was c a rr ie d  out according to  the method of 
Kenner and Turner ( lo c , c i t . ) .
A s o lu tio n  of 6 . 6g . d in i t r i l e  in  18.4ml. concen tra ted  
su lp h u ric  acid  was allowed to  stand  a t  room tem perature fo r  
tw en ty -fo u r hours. The so lu tio n  was poured in to  w ater and 
made a lk a lin e  by the  ad d itio n  of ammonia. A pale yellow  
s o l id  was p re c ip i ta te d  which was f i l t e r e d  o ff and r e c r y s ta l l i s e d  
from e th y l a lc o h o l. 2*9g . needles, m.p. 215- 216° , were 
o b ta in ed . Kenner and Turner g ive, m .p. 210-211 .
Preparation of 2 ; 2 *-dipheryldiacetic acid .
The c o n d itio n s  used fo r  the h y d ro ly sis  of the amide were
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those  g iven  by Kenner and Turner, (loo , o i t , ) .
2*9G. amide were heated under re f lu x  with JOml. 10^ 
po tassium  hydroxide so lu tio n  u n t i l  the  t e s t  fo r  the  ev o lu tio n  
of ammonia was negative  (14 hours ) .  The mixture was a c id if ie d  
w ith  d i lu te  su lp h u ric  ac id  so lu tio n , and immediately a b u ff -  
co lo u red  p r e c ip i ta te  was formed. The s o l id  was f i l t e r e d  o f f , 
g iv in g  a  y ie ld  of 2 .4 g . ,  m.p. 1)1-152°. A fter treatm ent w ith 
d e c o lo u ris in g  ch a rco a l, and c r y s ta l l i s a t io n  from w ater, co lour­
l e s s  p rism s, m .p. 1 5 )° , were produced. Kenner and Turner record  
a m e ltin g -p o in t of 152° .
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S e c tio n  I I I  P a rt ) .
D isc u ss io n .
The success of the  Ullmann re a c tio n  i s  dependent upon 
the  n a tu re  of the  arom atic halide used . C erta in  negative 
groups in  th e  o rtho - and p a ra -p o sitio n s  w ith respect to  the 
halogen atom a c tiv a te  the  l a t t e r  through the  operation of 
the -T e f f e c t ,  which leaves the carbon atœa to  which the 
halogen i s  a ttac h ed  w ith a res id u a l p o s itiv e  charge. An 
o rth o -ca rb a lk o x y l group has been shown to  have a marked 
a c t iv a t in g  e f f e c t  on the h a lid e , e .g .
Ullmann re a c tio n s  have been c a rr ie d  out on methyl £ -io d o - 
benzoate , £ -io d o -/5 : -dimethoxybenzene, and methyl _o-iodo- 
o innam ate. In  ilcB f i r s t  case a  y ie ld  of 82;  ^ was ob tained , 
(Ullmann, Annalen, 1$04, 5)2 , 70), and in  the second the y ie ld  
was 82^ (Weitzeii>ook, Monatsh., l ^ l ) ,  193), t*ut methyl
^ - io d o  cinnamate (idem , lo o , c i t . )gave only a poor y ie ld .
I t  i s  d i f f i c u l t  to  e x p la in  the  l a s t  r e s u l t ,  however, i f  the 
-T e f f e c t  i s  the main fa c to r  concerned in  the a c tiv a tio n  of the 
o -halogen  atom, since  i t  would be expected th a t  the e f fe c t  of 
the c a rb a lk o jy l  group would s t i l l  be tran sm itted .
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The Ullmann re a c tio n  on methyl _o-bromo— and o-lodopheiyl- 
a c e ta te  was u n su ccessfu l; a tem perature increase  was observed 
w ith  the  iodo-oompound in d ic a tin g  th a t  re a c tio n  had talæn p lace , 
b u t no id e n t i f i a b le  product could be is o la te d . Comparison of 
t h i s  w ith  th e  Ullmann re a c tio n  on methyl ^-iodobenzoate in  which
the y ie ld  i s  over 80^ lead s to  the conclusion th a t the methylene
group in te rp o se d  between the  oarbalkoxyl-group and the nucleus 
n u l l i f i e s  the  a c tiv a tin g  (-T ) e f fe c t  on the molecule.
The p re p a ra t io n  of 2 :2 * -d ip h e ry ld iace tic  acid from the 
Arndt S i s t e r t  r e a c t io n  on the d id ilo r id e  of d iphenic acid was 
s u c c e s s fu l.  This method of sy n th esis  is  no t lengthy , and although 
i t  in v o lv es the  use of diazome thane, each stage  proceeds w ithout 
d i f f i c u l t y .
CO CO C o CO CO CO
"  "  ^  SÏ. k .  ^
Kenner’ s method o f p reparing  2 :2 ’-d ip h en y ld iace tic  acid gave 
an o v e ra ll  y i e ld  of 25^, s t a r t in g  w ith  2 :2 ’-bis(brom o-m ethyl) 
d ipheny l. In  the  f in a l  stage of the  syn thesis  i t  was not found 
necessary  to  con tinuously  e x tra c t  the acid w ith e th e r , as 
d escrib ed  by Kenner, since the  a c id if ic a t io n  of the a lka line
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hjrdrolyalB p ro d u ct r e a d i ly  p re c ip ita te d  the acid  in  almoet 
q u a n ti ta t iv e  y ie ld .
